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I. — On  thi  Contbaction  of  Igneous  Eooks  in  Coolinq. 

By  David  Forbbs,  F.R.S.,  &c. 

FON  oommencing,  in  1847,  the  special  study  of  the  igneous  rocks, 
I,  no  doubt  in  common  with  many  others,  took  for  granted  the 
conclusions  arrived  at  experimentally  by  Professor  Bischof,  of  Bonn, 
as  to  the  amount  of  contraction  which  such  rocks  would  undergo 
when  passing  from  the  state  of  hot  liquidity  to  that  of  cold  solidity ; 
and  I  did  so,  not  after  any  critical  examination  of  the  details  of 
Bischofs  inquiry  itself  (the  most  important  of  which  are  contained 
in  a  memoir  published  in  Leonhard  imd  Bronn's  Jahrbuch  for  1841), 
but  merely  in  deference  to  authority,  since  these  conclusions  had 
apparently  received  unquestioned  acceptation  from  geologists  in 
generaL 

Living  at  that  time  in  Norway,  a  country  pre-eminently  fitted  for 
the  study  of  eruptive  rocks  on  the  large  scale,  I  soon  found,  however, 
that  these  conclusions  did  not  seem  to  be  at  all  in  accordance  with 
the  facta  which  every  day  presented  themselves  in  the  field.  I  could 
nowhere  find  evidence  to  prove  that  any  such  immense  contraction 
as  25  per  cent.,  or  one-fourth  of  its  volume  in  granite,  or  10  per  cent., 
one-tenth  of  its  volume  in  basalt,  as  assumed  by  Bischof,  had  ever 
taken  place  in  nature.  Even  when  great  masses  of  granite  were 
seen  interposed  between  rigid  rocks  of  other  character,  they  were  not 
found  to  present  large  fissures  or  rents  of  contraction,  or  to  possess 
a  well-marked  porous,  honeycombed,  or  cavernous  structure,  such  as 
might  be  expected  in  case  any  such  enormous  contraction  in  volume 
had  really  taken  place. 

On  the  contrary,  although  some  small  amount  of  contraction  had 
undoubtedly  taken  place,  these  rocks,  as  a  rule,  appeared  to  be  so 
solid  and  compact  in  texture  throughout,  as  to  indicate  that  the  space 
which  had  been  originally  filled  up  by  molten  rock  differed  but  com- 
paratively little  in  volume  from  that  which  the  rock  now  occupies. 

These  discrepancies  led  me  to  consult  the  original  memoirs  of 
Bischof,  and  to  repeat  his  experiments  on  a  more  extended,  and,  in 
some  cases,  a  much  larger  scale,  using  as  materials  the  basaltic  mela- 
phyre  of  Staffordshire,   commonly   called   the   Kowley   Kagstone, 
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seems  to  me  that  the  amount  of  oontraction  would  be  greater  tha: 
the  mere  difference  between  the  dimensions  of  the  moulds  when  ool 
and  that  of  the  cooled  blocks  ?  I  ask  this  question  because  I  ax 
engaged  in  revising  a  paper  of  mine  relating  to  the  cooling  of  ^ 
earth,  in  which  I  am  inclined  to  support  the  view  of  the  solidity  < 
the  globe,  though  I  feel  strongly  the  inadequacy  of  our  means  ( 
arriving  at  any  certainty  on  the  subject" 

In  reply  to  this  I  wrote  Mr.  Fisher  to  the  effect  that  allowaiu 
had  been  made  for  the  expansion  of  the  moulds,  amongst  othi 
means,  by  measuring  the  moulds  whilst  hot ;  but  it  appears  non 
from  his  published  paper,  that  he  has  not  modified  the  expreasioE 
made  use  of  in  his  comments  upon  my  experiments. 

Mr.  Fisher's  paper  is  a  purely  mathematical  one,  and  altogefiu 
beyond  the  scope  of  my  present  communication ;  yet  what  I  han 
already  stated  is  but  another  proof  of  the  tendency  which  mathemi 
ticians  apparently  have  to  treat  experimental  data  in  their  own  wai 
overlooking  the  vital  importance  of  thoroughly  sifting  their  evideno 
or  premises  on  which  they  base  their  elaborate  reasonings.  Tk 
recent  notorious  case  of  the  Pascal  forgeries  is  but  an  instance  i 
point ;  and  a  representative  of  the  Press  pleasantly  remarked  thi 
nobody  but  a  mathematician  could  have  been  deceived  by  toe 
imperfect  evidence. 


U. — On  somb  supposed  Lithodomous  Pebfobations  in  Limbsioi 

Bocks. 

By  John  Rofb,  F.G.S. 
[PLATE  I.] 

WlTUlN  the  last  few  months  considerable  interest  has  bei 
revived  on  the  question  of  the  origin  of  certain  small  ezo 
vations  or  borings  which  have  been  found  in  limestone  rocks  : 
different  localities  in  Sicily,  France,  England,  and  Wales.  The  fii 
public  notice  of  them  in  England  was  by  Dr.  Buckland,  who 
attention,  when  at  a  meeting  of  Geologists  at  Boulogne  in  1839^  w 
called  to  some  borings  which  had  been  found  in  the  under-surftt 
of  a  ledge  of  Carboniferous  Limestone  rock  in  the  Boulonnais.  Aft 
this  Dr.  Buckland  examined  some  similar  borings  which  the  Bev.  ] 
Stapleton  had  observed  near  Tenby,  and  described  both  cases  in 
communication  to  the  Geological  Society  in  1841.  About  the  same  tiii 
that  Dr.  Buckland  was  engaged  with  Uiese  excavations,  M.  Consta 
Prevost  foxmd  some  similar  perforations  on  Monte  PelegrinOy  ne 
Palermo.  Mr.  C.  P.  Jopling  discovered  them  in  Fumess  in  1843.  ] 
Bouchard  Ghantereaux,  who  met  with  them  in  the  Bois  des  Eoohes, 
the  Bas  Boulonnais,  has  published  a  memoir  on  the  subject,  the  r«Bi 
of  many  years  observation,  to  which  I  shall  have  occasion  again 
refer.  Mr.  Pengelly  met  with  them  in  many  localities  in  the  Torb 
district.  They  were  also  found  on  Birkrigg  Common  by  Miss 
Hodgson,  of  Ulverston,  and  were  described  by  her  in  voL  viL 
The  Geologist,  p.  42.    Mr.  Darby  shire  has  discovered  them  inNd 
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seems  to  me  that  the  amount  of  contraction  would  be  greater  than 
the  mere  difference  between  the  dimensions  of  the  moulds  when  ooM 
and  that  of  the  cooled  blocks  ?  I  ask  this  question  because  I  am 
engaged  in  revising  a  paper  of  mine  relating  to  the  cooling  of  the 
earth,  in  which  I  am  inclined  to  support  the  view  of  the  solidity  of 
the  globe,  though  I  feel  strongly  the  inadequacy  of  our  means  of 
arriving  at  any  certainty  on  the  subject" 

In  reply  to  this  I  wrote  Mr.  Fisher  to  the  effect  that  allowanm 
had  been  made  for  the  expansion  of  the  moulds,  amongst  other 
means,  by  measuring  the  moulds  whilst  hot ;  but  it  appears  now» 
from  his  published  paper,  that  he  has  not  modified  the  expressioiis 
made  use  of  in  his  comments  upon  my  experiments. 

Mr.  Fisher's  paper  is  a  purely  mathematical  one,  and  altogether 
beyond  the  scope  of  my  present  communication ;  yet  what  I  have 
already  stated  is  but  another  proof  of  the  tendency  which  mathema- 
ticians apparently  have  to  treat  experimental  data  in  their  own  way, 
overlooking  the  vital  importance  of  thoroughly  sifting  their  evidenoe, 
or  premises  on  which  they  base  their  elaborate  reasonings.  Via 
recent  notorious  case  of  the  Pascal  forgeries  is  but  an  instanoe  in 
point ;  and  a  representative  of  the  Press  pleasantly  remarked  that 
nobody  but  a  mathematician  could  have  been  deceived  by  sooh 
imperfect  evidence. 


U. — On  some  supposed  Lithodomous  Pebfobations  in  LiMxsron 

Hocks. 

By  John  Rofb,  F.G.S. 
[PLATE  I.] 

'ITHIN  the  last  few  months  considerable  interest  has  been 
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revived  on  the  question  of  the  origin  of  certain  small 
vations  or  borings  which  have  been  found  in  limestone  rocks  in 
different  localities  in  Sicily,  France,  England,  and  Wales.  The  fizsl 
public  notice  of  them  in  England  was  by  Dr.  Buckland,  whosi 
attention,  when  at  a  meeting  of  Geologists  at  Boulogne  in  1839,  wai 
called  to  some  borings  which  had  been  found  in  &e  under-sorfiux 
of  a  ledge  of  Carboniferous  Limestone  rock  in  the  Boulonnais.  Aftei 
this  Dr.  Buckland  examined  some  similar  borings  which  the  Bev.  N 
Stapleton  had  observed  near  Tenby,  and  described  both  cases  in  i 
communication  to  the  Geological  Society  in  1841.  About  the  same  timi 
that  Dr.  Buckland  was  engaged  with  these  excavations,  M.  Consten 
Pr6vost  foimd  some  similar  perforations  on  Monte  PelegrinOy  neai 
Palermo.  Mr.  0.  P.  Jopling  discovered  them  in  Fumess  in  1843,  M 
Bouchard  Chantereaux,  who  met  with  them  in  the  Bois  des  Eoches,  ii 
the  Bas  Boulonnais,  has  published  a  memoir  on  the  subject,  the  remil 
of  many  years  observation,  to  which  I  shall  have  occasion  again  ti 
refer.  Mr.  Pengelly  met  with  them  in  many  localities  in  the  Toiba^ 
district.  They  were  also  found  on  Birkrigg  Common  by  Miss  J 
Hodgson,  of  Ulverston,  and  were  described  by  her  in  voL  viL  o 
The  Geologist,  p.  42.    Mr.  Darby  shire  has  discovered  them  injNoiil 
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Wales.  Mr.  D.  Mackintosh  found  them  in  West  Lancashire  and  in 
Derbyshire,  at  greatly  varying  altitudes ;  and  in  the  last  November 
number  of  the  Geological  Magazine  they  are  described  by  the  Bev. 
T.  G.  Bonney  as  found  at  the  Ormeshead.  They  have  also  occa- 
sionally been  alluded  to  by  other  writers  as  proofs  of  the  elevation 
of  the  coast  in  various  places. 

The  origin  of  these  holes  has  been  assigned  to  various  agents, — to 
atmospheric  action  or  weathering — to  the  work  of  Fholadea  before 
&e  upheaval  of  the  rock  from  the  ocean — ^to  snails — ^to  a  chemical 
action  combined  with  one  of  these,  and  to  a  mechanical  action  of 
water  or  other  abrading  agent.  Before,  however,  we  consider  which 
is  the  most  probable  theory,  it  will  be  well  more  fully  to  describe 
the  holes  and  the  situations  in  which  they  are  found.  They  appear 
to  be  confined  to  Limestone  rocks,  or,  at  least  they  have  only  been 
noticed  in  them  hitherto,  and  with  perhaps  the  exception  of  Monte 
Pelegrino  (the  age  of  which  I  am  unable  to  speak  to  with  certainty), 
to  the  upper  Palsdozoic  rocks,  and  to  the  hard  crystalline  or  semi- 
crystalline  strata  in  them ;  and  from  the  descriptions  given  by  the 
above  observers,  they  appear  to  be  similar  in  their  position  and  in 
their  size,  but  Ihose  found  by  Mr.  Pengelly  are  described  as  some- 
what different  in  shape.  I  have  personally  had  the  opportunity  of 
examining  only  those  found  at  Birkrigg,  and  therefore  in  my  de- 
scription will  confine  myself  principally  to  them. 

In  May  last  I  was  present  at  a  meeting  of  the  Geological  Society, 
when  a  paper  on  "Apparent  Lithodomous  Perforations,"  by  Mr. 
Mackintosh,  was  read,  and  I  heard  the  discussion  which  followed ; 
but  having  previously  seen  some  specimens  belonging  to  Miss 
Hodgson,  I  must  confess  I  was  not  satisfied  with  the  conclusions 
arrived  at. 

On  my  return  into  Lancashire,  I  went  to  Ulverston,  and  having 
called  on  Miss  Hodgson,  was  guided  by  her  to  the  locality  in  ques- 
tion, which  I  found  to  be  on  Birkrigg  Common,  near  the  summit 
of  a  hill  of  mountain  Limestone,  overlooking  Morecambe  Bay.  The 
situation  of  the  rocks  is  shown  on  the  six-inch  scale  Ordnance  Map 
of  Lancashire,  plate  16,  about  two  and  a  half  miles  south  of  Ulver- 
ston, and  they  are  there  called  "  Flat  Limestone  Kocks,"  and  are, 
where  the  specimen  (Fig.  1)  was  found,  about  three  hundred  and  fifty 
feet  above  the  sea.  The  common  is  crossed  by  several  nearly  parallel 
outcrops  of  thin  but  hard  beds  of  mountain  Limestone,  all  dipping 
slightly  in  the  same  direction,  but  parted  by  pasture  several  yards 
wide,  growing  evidently  on  the  partially  denuded  surface  of  the 
intervening  softer  beds  (rotten  rock),  and  leaving  the  basset  edges 
of  the  harder  beds  exposed,  and  frequently  slightly  overhanging  from 
one  to  two  feet  above  the  pasture.  These  overlianging  ledges  form 
a  shelter  from  the  prevailing  winds,  and  the  sheep  feeding  on  the 
pasture  creep  under  them  for  protection,  and  by  long  and  repeated 
action  the  wool  on  their  backs  has  put  a  bright  polish  on  the  under 
surface  of  the  ledge,  showing  the  power  of  prolonged  friction  on  the 
hard  Limestone,  even  by  so  soft  a  substance  as  wool. 

The  ideal  section,  Plate  I,  Fig.  4,  will  give  a  notion  of  this  ar- 
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rangement,  //representing  the  strata  of  hard  rock,  and  gg  the  softer 
beds,  which  are  from  100  to  160  feet  from  ridge  to  ridge.  The  dip 
of  the  strata  is  greatly  exaggerated,  as  it  does  not  exceed  9^. 

It  is  under  the  above-named  ledges  that  the  borings  in  question 
occur,  and  generally  near  the  edge,  as  will  be  seen  in  Fig.  1,  PI.  I ; 
but  the  hole  marked  h  is  seven  and  a  half  inches  from  the  outside. 
The  holes  are  bored  upwards  into  the  rock,  and  all  have  circular 
openings  of  nearly  the  same  size,  a  little  more  or  less  than  seven- 
eighths  of  an  inch  in  diameter ;  but  the  chambers  within  the  rock  vary 
very  much  in  size  and  shape ;  some  are  nearly  but  not  quite  straight, 
and  about  the  same  area  of  section  as  at  the  opening,  whilst  many 
branch  into  several  chambers,  as  shown  on  a  larger  scale  in  Fig.  2, 
which  is  a  horizontal  section  of  the  chambers,  of  which  the  opening 
is  seen  at  a  in  Fig.  1,  the  oval  aperture  being  the  opening  in 
perspective.  Fig.  3  is  a  vertical  section  of  the  chambers  connected 
with  the  hole  near  the  middle  of  the  fracture  shown  in  Fig.  1,  the 
section  of  the  opening  being  at  the  upper  part,  and  the  chambers, 
it  will  be  seen,  are  of  greater  diameter  than  the  opening.  I  have 
forwarded  the  specimen  figured  in  Plate  I.  to  the  British  Museum. 

The  burrows  described  by  the  above-named  authors,  in  those  cases 
in  which  the  direction  of  the  borings  is  named,  are  stated  to  be  bored 
upwards  from  the  underside,  or,  where  on  the  face  of  the  rock,  in 
an  upward  direction. 

The  Rev.  T.  Q.  Bonney,  in  his  paper  in  the  November  (1869)  number 
of  this  Magazine,  describes  the  holes  as  being  bored  generally  upwards, 
but  of  those  described  in  page  486,  No.  5  descends  slightly,  and 
No.  6  is  at  right  angles.  The  borings,  however,  shown  in  Fig.  1 
in  the  plate  illustrating  his  paper  have  very  much  the  appearance 
of  being  vertical  sections  of  burrows,  the  front  halves  of  which  have 
been  removed  with  the  face  of  the  rock  by  weathering  or  fracture, 
leaving  the  other  halves  as  the  curved  chambers  shown  in  that  plate, 
and  very  similar  to  some  fractured  chambers  at  the  lower  edge  of 
Fig.  1,  PL  I,  of  this  paper :  in  that  case  (5)  might  be  a  chamber 
from  another  boring,  and  (6)  would  clearly  be  a  chamber  from  (8). 
I  am  the  more  inclined  to  think  this  to  be  the  case,  as  Mr.  Bonney 
describes  some  of  the  channels  to  be  much  weathered. 

We  may  now  consider  the  origin  of  these  holes  :  first,  then,  as  to 
atmospheric  action  or  weathering.  The  appearance  as  well  as  the 
situation  of  the  holes  is  altogether  opposed  to  this  theory,  as  they 
are  mostly  on  the  under-surface  of  the  rock,  where  no  rain  could 
possibly  get  to  them,  either  directly,  by  splashing,  or  by  percolation ; 
and  they  are  generally  in  sound  hard  beds,  and  in  those  cases  where 
they  are  on  the  face  of  the  rock,  they  are  stated  to  be  in  sheltered 
situations  and  bored  upwards.  Surely  we  have  no  right  to  assume 
such  partial  atmospheric  action  as  would  account  for  holes  so  deep 
in  proportion  to  their  diameter,  and  particularly  as,  from  their  posi- 
tion, moisture  could  not  lodge  in  them.  It  has  been  suggested  that 
possibly  they  might  be  caused  by  a  decomposition  of  the  rock,  by 
which  fossils  have  been  loosened  and  have  fallen  out,  leaving  the 
cavities ;  but  this  is  met  by  the  fact  that  most,  if  not  all,  the  holes 
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aie  in  hard  rook,  in  which  metamorphism  has  obliterated  almost 
eyerj  trace  of  organism :  even  when  fossils  are  found,  the  holes 
are  sometimes  bored  through  them,  or  partly  through  them,  and 
partly  through  the  rock.  Miss  Hodgson,  to  whose  paper  I  have 
alluded,  has  a  specimen  in  which  the  hole  is  bored  partly  through 
a  Oyaihophyllum  longitudinally,  and  partly  through  the  Limestone, 
which  appears  to  be  softer  than  the  coral,  as  the  hole  is  rather  flatter 
on  the  side  passing  through  the  coral,  showing  that  the  worker 
inclined  to  the  sofber  matenal.  I  believe  generally,  but  oertaLoly  in 
the  mountain  Limestone  of  Lancashire,  in  every  case  where  there 
are  fossils,  they  are  not  acted  upon  by  the  weaUier  so  easily  as  is 
the  rock  in  which  they  are  imbedded,  and  therefore  would  not  be 
likely  to  decay  and  fall  out  of  their  beds  and  leave  holes ;  but,  on 
the  contrary,  the  limestone  weathers  away  from  them,  and  in  many 
cases  leaves  the  fossils  beautifully  dean,  well  displayed,  and  project- 
ing from  stone,  as  must  be  familiar  to  any  observant  person  on  the 
roughly  built  boundary  walls  in  any  fossiliferous  Mountain  Lime- 
stone district  Li  all  these  cases,  rain  or  other  water  has  free 
access  to  them,  first  to  disintegrate  the  matrix,  and  then  to  wash 
away  the  debris. 

like  action  of  rain,  or  of  the  carbonic  acid  contained  in  rain-water, 
on  limestone,  is  well  known,  and  the  efifects  of  this  weathering  is 
perhaps  as  well  shown  at  Birkrigg  as  anywhere,  but  it  is  on  the 
surface  of  the  rocks  which  are  exposed  to  this  action  that  we  find 
the  efifects,  and  not  on  the  sheltered  portion ;  and  as  the  exposed 
rocks  vary  in  hardness,  probably  from  metamorphosed  fossils  con- 
tained in  them,  the  stones  take  many  fantastic  shapes,  and  are 
collected  for  artificial  rockeries.  But  to  return  to  the  borings,  the 
interior  surface  of  these  is  smooth,  except  some  very  slight  circular 
marking  round  the  cell,  suggestive  of  a  grinding  action ;  and  that 
this  action  is  quite  recent  is  shown  by  the  state  of  some  of  the  holes, 
the  lower  portion,  or  that  nearest  the  opening,  being  tinged  slightly 
green  by  a  microscopic  vegetation,  whilst  the  upper  or  last  ex- 
cavated portion  is  perfectly  fresh  and  white,  having  a  fine  granular 
appearance  very  similar  to  what  is  given  by  washing  the  limestone 
with  dilute  acid  and  allowing  it  to  dry.  This  variation  in  the 
appearance  of  the  surfeice  of  the  chambers  has  been  noticed  both 
by  M.  Bouchard  and  by  Mr.  Bonney.  The  action  of  the  atmosphere, 
however,  leaves  a  roughness  and  a  quasi -columnar  appearance,  which 
at  once  distinguishes  it  from  the  surface  of  the  borings,  as  is  very 
evident  when  a  boring  has  been  fractured  at  the  edge  of  the  rock, 
and  the  section  of  it  exposed  to  the  action  of  rain,  some  cases  of 
which  occur  on  the  edges  of  Fig.  1,  where  the  effect  of  weather  is 
Btrongly  marked. 

The  next  supposition  is  that  they  are  the  holes  of  Fholades, 
excavated  before  the  elevation  of  the  rock  above  the  sea,  and  thus 
may  be  used  as  a  proof  and  measure  of  such  elevation ;  and  this  in 
reality  is  the  principal  geological  interest  connected  with  these 
holes.  Against  this  theory  Birkrigg  is  a  strong  case,  for  the 
burrows  are  in  the  underside  of  a  nearly  level  rock,  and  bored 
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upwards,  wliich  is  contrary  to  the  babit  of  the  Fholades,  as  thej 
bore  downwards,  and  make  their  holes  pyriform  to  fit  their  shells ; 
but  these  at  Birkrigg,  as  well  as  those  in  the  Boulonnais,  at  Tenby, 
and  at  the  Ormeshead,  are  of  a  great  variety  of  shapes,  and  seem,  in 
some  cases,  to  have  had  several  inhabitants  at  once.  Nor  are  the 
holes  at  all  similar  (except  at  the  opening)  to  those  made  by  any  of 
the  Pholades. 

Even  supposing  the  holes  might  be  similar  to  Fhohu  borings,  it 
is  scarcely  possible  to  believe  that  thin  and  exposed  ridges  of  lime- 
stone, like  those  in  question,  would  not  have  been  weathered  and 
denuded  so  as  to  have  destroyed  every  trace  of  such  comparatively 
superficial  apertures,  during  the  many  ages  which  must  have  passed 
since  their  elevation ;  that  being  probably  anterior  to  the  Glacial 
period,  or,  if  since  that  period,  they  must  have  been  denuded  of  the 
glacial  drift  or  Boulder-clay  then  left  on  them  without  being  them- 
selves materially  acted  ^upon. 

We  may  now  consider  the  action  of  snails,  which  appear  to 
abound  wherever  these  borings  occur,  and  which  are  very  fre- 
quently found,  alive  or  dead,  in  the  holes.  M.  Constant  Prevost, 
who,  many  years  since,  found  excavations  in  the  hard  crystalline 
marble  of  Monte  Pelegrino,  near  Palermo,  did  not  hesitate  to 
ascribe  them  to  the  Helices  which  he  found  in  them,  and  most  of 
the  authors  above  alluded  to  mention  the  presence  of  snails,  or  their 
shells,  in  the  holes ;  and  although  finding  a  snail  in  a  hole  cer- 
tainly is  no  proof  that  it  made  the  hole,  still,  when  snails  are 
repeatedly  found  in  holes  made  in  situations  which  they  usually 
frequent,  it  is  strongly  suggestive  of  their  agency;  and  when  we 
have  reason  to  believe  that  they  have  the  power  of  making  them,  I 
cannot  think  we  can  be  wrong  in  giving  them  the  credit.  At  first 
it  may  excite  surprise  that  a  snail  should  have  power  to  drill  into 
a  hard  Crystalline  Limestone  Hock,  but  we  do  know  that  the 
Gasteropods  are  furnished  with  a  lingual  band  of  teeth  which  "  can 
be  used  like  a  file  for  the  abrasion  of  very  hard  substances.  "With 
them  the  limpet  rasps  the  stony  nullipore,"  and  "  the  whelk  bores 
holes  in  other  shells."  *  M.  Bouchard  watched  these  excavations  in 
the  "  Bois  des  Eoches"  for  many  years  with  great  care,  and  from 
time  to  time  measured  their  progress,  which  left  in  his  mind  no 
doubt  of  the  fact  that  they  were  made  by  the  snails ;  but  assuming 
that  to  be  so,  the  question  suggested  itself — How  do  they  work 
upon  the  rock,  mechanically  or  chemically,  or  by  both  means? 
M.  Bouchard  advocated  the  chemical  theory,  and  has  made  observa- 
tions on  the  mucus  or  slime  which  the  snail  leaves  in  its  trail,  and 
which  he  believed  has  corrosive  action,  although  he  could  find  no 
trace  of  any  free  acid  in  it.  This  action  of  the  slime  appears  to  me  to 
be  very  doubtful,  as  there  is  no  trace  of  any  corrosive  action  on  the 
polished  surface  of  rock  at  Birkrigg,  above  alluded  to,  and  which 
must  have  been  repeatedly  passed  over  by  the  snail  in  going  to  and 
from  its  hole.  Miss  Hodgson  states  (in  the  Oeologiat,  vol.  vii.  p.  43) 
that  she  tried  the  fluid  secreted  by  the  snail  when  crawling,  and 
^  Dr.  S.  P.  Woodward;  Manual  of  the  MoUosca,  p.  27. 
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that ''  when  the  animal  is  merely  gliding  along  and  not  using  the 
tongue,  a  little  babble  of  fluid  is  constantly,  at  short  intervals, 
emitted  from  the  mouth,  which  partially  opens  for  the  purpose.  I 
have  repeatedly  saturated  strips  of  litmus  paper  in  this  fluid,  both 
at  the  head  and  all  along  the  foot,  but  have  entirely  failed  to  detect 
any  pink  colouring  denoting  the  presence  of  an  acid."  M.  Bouchard, 
however,  found  that  if  he  removed  the  snail  whilst  in  the  act  of 
perforating  the  limestone,  the  exudation  from  its  mouth  did  redden 
litmus  paper,  showing  that  the  secretion  was  then  acid.  Professor 
Huxley  states  that  ti^e  commonly  called  palate  of  the  Mollusca, 
which  he  names  the  odontophore,  "  consists  essentially  of  a  carti- 
laginous strap  which  bears  a  long  series  of  transversely  disposed 
teeth.  The  ends  of  the  strap  are  connected  with  muscles  attached 
to  the  upper  and  lower  surface  of  the  hinder  extremities  of  the 
cartilaginous  cushions,  and  these  muscles,  by  their  alternate  con- 
tractions,  cause  the  toothed  strap  to  work  backwards  and  forwards 
over  the  end  of  the  pulley  formed  by  its  anterior  end.  The  strap 
consequently  acts  after  the  fashion  of  a  chain-saw  (or  rather  of  a  rasp) 

upon  any  substance  to  which  it  is  applied Besides  the 

chain-saw  like  motion  of  the  strap,  the  odontophore  may  be  capable 
of  a  licking  or  scraping  motion  as  a  whole."  * 

From  this  it  appears  most  probable  that  to  the  odontophore  of  the 
snail  we  must  look  for  the  tool  by  which  this  work  is  carried  on, 
and,  from  the  above  observation  of  M.  Bouchard,  to  all  appearance 
with  the  aid  of  an  acid  which  may  possibly  be  secreted  by  the  salivary 
glands,  excited  by  the  alternate  action  of  the  above  strap,  analogous 
to  the  action  of  mastication  on  our  salivary  glands ;  and  although 
our  saliva  may  not  be  acid,  the  eflfect  of  the  action  may  be  the  same, 
though  the  secretions  differ.  In  our  case  the  acid  necessary  is 
secreted  with  the  gastric  fluid  during  digestion  ;  in  that  of  the  snail 
the  acid  solvent  would  be  secreted  as  required  to  assist  the  action  on 
the  limestone.  But  supposing  these  surmises  to  be  incorrect,  and 
that  there  is  no  chemical  action,  the  mechanical  effect  of  the  file-like 
teeth  would  probably  suffice  for  the  purpose,  though  not  so  rapidly. 
The  action  of  fine  sand-paper  on  marble  will  illustrate  this,  as  the 
odontophore  acts  in  the  same  manner. 

It  has  also  been  suggested  that  these  holes  were  originally  made 
by  the  Pholas,  and  that,  after  the  elevation  of  the  land,  they  were 
enlarged  by  snails  ;  but  I  cannot  see  anything  to  justify  the  suppo- 
sition, as,  if  it  is  admitted  that  snails  could  enlarge  the  holes  and 
make  fresh  chambers  in  them,  surely  they  must  have  power  to 
commence  them,  and  the  action  of  the  Pholaa  would  be  quite  unne- 
cessary. But  a  difference  in  the  habits  and  nature  of  the  Pholas  and 
snail  must  be  considered,  which  in  itself  appears  fatal  to  the  suppo- 
sition of  joint  action.  The  burrows  of  the  Pholas  are  described  by 
Dr.  S.  P.  Woodward'  as  vertical  and  quite  symmetrical,  whilst  those 
in  question  are  never  either  the  one  or  the  other.  The  Pholas,  being 
aquatic  and  requiring  water  for  breathing,  makes  its  hole  down- 
wards, so  as  to  retain  some  moisture  when  the  tide  recedes ;  whilst 
i  Elements  of  Comparatiyo  Anatomy,  p.  36.        '  Manual  of  the  MoUoBca,  p.  327. 
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the  snail,  being  air-breathing,  always  takes  a  reverse  position ;  and 
any  one  who  will  examine  an  old  wall  when  snails  are  hybemating 
will  find  them  attached  most  frequently  to  the  roof  of  a  cavity  with 
their  shells  downwards,  sometimes  on  an  upright  part  distant  from 
the  opening  in  the  wall  through  which  they  enter ;  but  I  have  never 
seen  one  on  the  floor  of  the  cavity,  or  anywhere  where  water  could 
accumulate :  and  it  is  precisely  in  accordance  with  this  habit  and  in 
such  shaded  situations  that  tiiese  holes  are  found,  and  which  are 
bored  upwards  for  the  same  reasons.  The  same  holes,  therefore, 
would  not  be  suitable  for  the  aquatic  and  the  air-breathing  Molluscs  : 
what  would  be  life  to  the  one  would  be  death  to  the  other. 

In  conclusion,  the  fair  inference  to  be  drawn  from  the  foregoing 
appears  to  be  that  the  holes  and  chambers  in  question  are  not  the 
work,  even  partially,  of  PholadeSj  or  of  any  other  marine  Mollusc, 
and  therefore  are  of  no  value  as  a  testimony  to  any  movement  or 
elevation  of  the  land.  But,  all  the  facts  being  considered,  as  well 
as  the  distribution  of  the  holes  in  so  many  limestone  districts  where 
snails  abound,  at  such  various  altitudes,  and  so  fax  asunder,  the 

S Nation  of  the  holes  and  their  form  agreeing 'ifTith-  the  habit  of  the 
oU^so,  it  may  reasonably  be  assumed  that  Dr..  Buckland  was 
correct  in  the  conclusion  he  drew,  in '  his  paper  published  in  1841, 
that  the  holes  were  made  by  £e2tce5— not,  however,  as  M.  Bonduurd 
supposed,  by  the  chemical  action  of  the  snail  secretion  alone,  but  by 
the  mechanical  rasping  aotibn  of  its  odontophore,  assisted,  possibly, 
by  on  acid  sec^retion  from  its  inouth. 
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By  John  Buskdy,  LL.I).,  F.G.S. 

(PLATE  XL) 

{Oantmuidfrom  the  Decmber  (1869)  Number^  page  534.) 

E  have  now,  I  think,  obtained  sufficient  evidence  that  the 
diisposition  of  differently  coloured  or  composed  bands  in  agate 
is  in  most  cases  the  result  of  crystalline  segregation.  We  shall 
find,  also,  that  the  order  of  thk  segregation  is  constant  ondar  given 
condition^ ;  and  that,  with  fixed  pr<)portions  of  elements  imd  fixed 
rate  of  oobling  and  drying,  the  agate  will  niacessarily  produce  itself 
in  a  ribaiid  of  a  fixed  succession  or  ^pattern  of  stripes:  a  spectrum 
of  subst&nces,  which,  if  we .  had  observed  data  enough,  we  might 
read! "like  a  spectrum  of  light ;  inferring,  not  the  nature  of  the 
eVlMlits  from  its  bars  of  colour,  but  the  former  conditions  of  solu- 
tion.' ^m  th6  baris  of  elements. 

"When  the  stone  has  been  undisturbed,  this  riband  or  chord  of  it43 
constituent  'elements  will  necessarily  form  quietly  round  it,  either  in 
its  nest,  or  on  its  nucleus,  with  phases  of  level  or  vertical  deposit 
under  peculiar  circumstances.  But  when  the  congelation  has  been 
disturbed,  the  chord  of  elements  is  broken  up,  and  may  then  be 
traced  here  and  there  about  the  stone,  forming  where  it  may,  and  as 
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it  oan.     For  inBtanoe,  f^.  1  repreeeots  mdely  a  qtiartzose  band 

fonned  at  a  jnncti<m  of  flnor  -with  siliceoas  Baadstoae.     The  dotted 

^lace  IB  the  grit, 

the      Qndalating 

lines  stand  for  a 

cxMirae   mass    of 

compact       flnor 

ipar,       Taguely  i 

cryBtalline        i' 

that  direction. 

The  faulting  of 
the  hand  ie,  I 
belicTe,  entirely 
owing  to  fitfal- 
nesB  in  the  cry- 
Btalline action ; 
there  is  no  trace  of  any  kind  of  flaw  or  rent,  either  in  the  sand- 
etone  on  one  side,  or  flaor  on  the  other. 

The  composition  of  the  band  here,  as  in  the  homBtone  (Gxol.  Mao. 
1869,  Dec,  Fig.  1,  p.  529),  is  of  one  aeries  of  elements  only;  bntveiy 
often  the  chom  is  composed  of  a  central  band,  with  corresponding 
opposite  series  on  its  sides.    Here,  In  Fig.  2,  is  a  very  simple  case, 


Fio.  2. 

^B 

M 

^^ 

k 

^m 

^ 
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in  which  the  chord  has  a  thin  white  central  line,  with  first  a  darlc  and 
then  a  broader  white  one  on  each  side.  The  entire  chord  is  flung 
irregularly  about  the  stone,  sometimes  in  continuity  for  a  few  folds, 
sometimes  in  broken  segments ;  but  the  outer  white  band  has  the 
power  of  detaching  itself  from  the  chord  occasionally,  and  of  ex- 
panding here  and  there  into  wider  spaces. 

And,  as  in  Fig.  1,  we  have  a  deceptive  semblance  of  coneecutiTe 
&nlt8,  eo  here  we  have  an  equally  deceptive  mimicry  of  breociatioa 
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by  violenoe.  But  the  two  apparently  broken  portions  of  the  band, 
in  the  oentre  of  its  own  loop,  are  simply  detached  crystalline  forma- 
tions of  it  in  those  places.     Here,  Fig.  3,  is  a  single  example  of  such 

an  one  from  another 
stone,  in  which  the 
enclosed  banded  seg- 
ment is  seen  at  once 
to  be  concurrent  at 
its  base  with  every 
undulation  of  the 
surrounding  belt, 
though  so  trenchant- 
ly divided  from  it  at 
the  flanks. 

And  here  we  have 
to  note  a  further  sep- 
aration of  our  subject 
into  two  branches,  or.  rather,  into  two  threads  of  mesh  (for  its  classi- 
fication, like  most  true  natural  ones,  is  not  branched,  but  reticulated). 
When  the  bands  form  in  several  fragments  in  all  directions,  as  in 
Fig.  2,  we  are  conducted  gradually  to  the  most  fantastic  structures 
of  abruptly  brecciated  agates.  But  when  they  are  systematically 
a£fected  by  a  consistent  action  of  crystalline  power,  as  in  Fig.  1,  we 
are  conducted  to  the  group  I  shall  describe  in  the  following  paper 
under  the  name  of  involute  agates  (I  carelessly  used  the  word 
''  conchoidal*'  for  involute,  in  page  534),  which  seems  to  me,  as  far 
as  I  have  any  clue  to  their  mysterious  structure,  to  be  chiefly  owing 
to  the  action,  in  a  partially  fluid  substance,  of  the  great  diagonal — or 
spiral  ? — force  of  silica.  This  diagonal  power  of,  or  in,  quartz,  is  to 
me  one  of  the  most  interesting  phenomena  in  mineral  nature,  both 
in  itself,  and  as  one  of  a  group  of  powers  like  it — wholly  distinct 
from  the  crystalline  ones,  and  acting  with  them,  or  dominant  over 
them,  at  particular  times  and  places,  elsewhere  and  at  other  times 
remaining  entirely  passive. 

Thus  the  growth  of  an  ordinary  quartz  crystal  depends  on  the 
regular  imposition  or  secretion  of  parallel  coats,  which  sometimes 
are  capable  afterwards  of  frank  sepeuration,  forming  ''capped" 
quartz.  But  the  flute-beak  of  Dauphine  is  never  capped.  It  is 
formed  and  wholly  compacted  under  an  oblique  energy,  which  dis- 
ciplines and  guides  together  the  hexagonal  forces  of  the  crystal.  On 
the  St  Gothard  the  same  force,  instead  of  terminating  the  crystals 
obliquely,  unites  them  laterally,  and  leads  them  into  long  walls, 
warped  into'curves,  sometimes  like  crowns  or  towers.  Generally, 
when  there  is  amianthus  within  crystals,  the  oblique  force  carries  the 
filaments  across  the  crystal  diagonally ;  and  it  is  very  notable,  as 
regards  the  time  of  secretion  of  these  interior  deposits,  that  while 
the  iron  oxides  always  arrange  themselves  in  concurrence  with  the 
coats  of  the  crystal,  amianthus  and  rutile  never  do,  but  shoot  clear 
through  the  whole  body  of  it,  if  themselves  long  enough,  and,  if 
short,  root  themselves  on  an  external  plane,  and  shoot  to  me  inside ; 
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wh3e  die  iron  ozidea  root  themselTea  on  intemal  pl&nes  snd  shoot  to 
tlie  ontaide. 

Here  (Fig.  4)  is  tm  example  ^'o-  *■ 

which  will  at  once  illnatrate  the 
power  of  the  oblique  force,  and 
tikis  relation  of  the  oxideB. 

It  is  the  section  of  a  singly 
tenninated,  and  apparently,  seen 
from  the  ontaide,  an  altogether 
single,  crystal,  one  of  a  well- 
formed  closter,  showing  exter- 
nally no  signs  of  disturbance. 
They  are  all  beautifully  spotted 
with  black  iron  oxide  under  a 
clear  external  coat,  about  one- 
seventh  of  an  inch  de^,  which 
entirely  coTers  them,  lliese  con- 
cretions of  iron  are  represented 
in  the  woodcut  accurately 
section  by  the  black  spots ; 
minor  series,  not  eeen  exter- 
nally, is  exposed  by  the  section 
within  the  crystal,  which  is  also  shown  by  the  section  to  be  dual  in 
the  interior,  separated  into  two  parts  by  a  perfectly  straight  line  in 
the  direction  of  its  length,  and  nearly  into  two  other  parts  by  a 
jagged  and  broken  one  across  it ;  all  the  interior  beds  being  faulted 
by  the  oblique  force,  which  acta, — in  one  direction  softly,  guiding, 
without  breaking,  one  part  of  the  white  beds  {opaque  white  in  the 
stone)  into  an  angle  beyond  the  other, — and  in  another  direction 
■violently,  causing  jagged  flaws  across  the  beds.  Within  the  white 
beds,  and  under  the  great  flaw,  the  quartz  becomes  again  dark-clear. 

Now,  all  these  arrangements  of  substance  take  place  under  laws 
which  surely  need  more  investigation  than  they  have  yet  received,' 
being  quite  distinct  from  those  which  limit  crystalline  form,  and 
bearing  every  semblance  of  a  link  between  molecular  and  organic 
structure.  For  instance,  pure  crystalline  force  determines  both  gold 
and  silver  into  cubes  or  octahedrons.  So  also  it  determines  the 
diamond.  But  no  force  of  aggregation  supervenes  to  form  branches 
or  coils  of  diamonds  ;  whereas  an  unexplained  power,  dominant  over 
the  crystalline  one,  extends  the  golden  triangles  into  laminie,  and 
wreaths  the  cubes  of  silver  into  vermicular  traceries.  Agencies  alike 
inexplicable  twist  the  crystal  of  quartz  like  a  piece  of  red-hot  iron, 
and  design  the  bands  of  agate  into  curves  like  those  of  a  nautilus 
shell. 

The  transition  from  such  coated  crystals  as  that  shown  in  Fig.  i, 

>  I  look  witli  extreme  interest  lo  the  remit  of  the  inquiries  which  Hr.  W.  Chandlsr 
Soberti  bu  oodertskea  on  the  chemistry  of  silica.  1  hsTe  lo  thank  him  alre&df  tvt 
nme  most  laluable  infonnatioa  commaaicated  to  me  in  the  coaru  of  UA  yt>r,  of 
vhicb,  bowerer,  I  will  Tenture  no  ataUmeat  until  he  bai  made  public  bit  ducattrui 
in  loeh  fonn  u  bi  may  tbink  proper. 
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to  these  iiiTOlnte  agates,  may  I  tMuk  be  traced  withont  a  break. 
The  base  of  this  stone  is  fonned  of  smaller  and  less  perfect  crysUla, 
which,  cut  trans versely,  present  themselves  in  honey oomb-lilEe 
groups,  Fig.  5.  Each  of  these  cells  is  a  little  mural  agate,  with  no 
spherical  force  disturbing  it.  When 
quartz  disposed  to  such  formation  geta 
mixed  with  jasper,  or  with  any  other 
uncrystallizable  rock,  the  cells  become 
shapeless,  and  we  get  results  such  as 
those  represented  in  Plate  IL  This 
stone  there  drawn  shows  the  combina- 
tion of  angular  cells  with  confusedly 
^  coiled  ones,  of  which  a  close-set  group 
.  is  seen  on  the  right,  gathered  together 
within  broadly  curved  lines,  which  I 
I  think  we  shall  be  able  to  trace  through 
succeeding  examples,  as  they  reduce 
themseWes  to  the  shell-like  contours  of  true  involute  ag^te.  Oa 
the  other  hand,  in  the  centre  of  the  stone,  the  less  disciplined 
series  of  jasper  veins,  surrounding  crystalline  spaces,  show  the  first 
origin  of  the  groups  of  agate,  which  ultimately  resemble  a  pebble 
breccia.  I  will  endeavour  in  following  papers  to  trace  the  two 
series  through  their  gradual  development. 


IV. — On  THX  Denudation  or  thk  L&ek-dibtbiot. 


AN  interesting  Article  by  my  colleague,  Mr.  0.  K  De  Banoe,  in 
the  last  number  of  this  Magazine,  upon  "The  Surface- Geology 
of  the  Lake-District,"  induces  me  to  offer  a  few  remarks  in  con- 
nection with  the  subject 

Being  engaged  in  the  Survey  of  part  of  this  district,  I  am  at 
present  professionally  tongue-tied  as  to  details,  but  there  are  several 
general  points  connected  with  its  ancient  and  present  physical 
geography  which  have  not  seldom  occurred  to  me  during  the  short 
time  I  have  been  in  the  country. 

1.  The  enormous  amount  of  denudation  that  has  taken  plaoe  over 
the  area  in  question,  almost  as  much  material  having  been  taken 
away  in  iha  formation  of  the  valleys  as  has  been  left  to  form  the 
mountains. 

2.  The  utter  incompetency  of  marine  action  to  form  the  present 
contour  of  the  country,  its  complicated  systems  of  valleys.  Its 
numerous  lokc-hollows. 

3.  The  very  great  power  of  the  atmosphere  as  a  present  working 
agent ;  the  frequent  storms,  the  deluges  of  rain,  the  almost  constant 
wetting  of  the  hill-tops,  the  sndden  changes  in  temperature,  the 
giant  power  of  frost,  ^le  rushing  of  the  wind  up  or  down  vaJleya 
and  round  comers. 
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4.  The  very  vast  period  of  time  during  which  this  agent  must 
have  been  at  work  in  order  to  produce  such  great  results. 

5.  The  Taried  conditions  of  climate  which  must  have  prevailed 
during  this  vast  period  of  time. 

With  regard  to  the  amount  of  denudation,  there  is  probably  no 
other  area  in  England,  with  the  exception  of  Wales,  where  any- 
thing like  it  has  taken  place.  The  reason  of  this  seems  to  be  that 
no  other  area,  excepting  Wales,  has  kept  its  head  so  much  above 
water  during  many  past  geological  ages.  Dry  land  and  sea-margins 
are  the  domains  of  denudation,  ocean  depths  those  of  preservation. 

If  we  go  back  to  ''  Old  Ked  "  times,  we  find  reason  to  suppose 
that  an  area  of  dry  land  then  existed  almost  similar  in  size  and 
situation  to  the  present  Lake-District  Around  this  land,  formed  of 
the  elevated  Silurian  rocks,  the  Old  Bed  deposits  were  formed,  and 
upon  it  very  probably  glaciers  found  a  home. 

During  ^e  Carboniferous  Period  it  seems  not  unlikely  that  the 
greater  part,  if  not  the  whole  of  the  Lake-district  ^  subsided  beneath 
ihe  sea,  and  was  covered  up  by  deposits  of  that  age. 

Then  followed  a  gradual  upheaval  and  extensive  marine  denuda- 
tion, by  which  most  likely  the  old  table-land  was  formed,  traces  of 
which  may  still  be  seen  in  the  almost  uniform  heights  of  the  moun- 
tain tops.  From  this  time,  however,  up  to  the  Glacial  Period,  there 
is  no  evidence  of  a  depression  of  this  area  beneath  the  sea,  and 
during  this  prodigiously  long  period,  the  atmosphere  was  busily  at 
work  cutting  out  the  plain  of  marine  denudation  more  or  less  into 
its  present  form. 

This  agent,  however,  must  have  worked  at  various  times  under 
very  different  circumstances,  and  with  tools  of  very  different  form 
and  degrees  of  power.  Thus  during  the  Permian  Period  frost,  ice, 
and  snow  were  most  powerful ;  in  Oolitic  times  these  were  aban- 
doned, and  tropical  rainfalls  and  floods  very  possibly  employed; 
succeeded  again  by  ice  in  probably  Middle  Eocene,  Upper  Miocene, 
and  Pleistocene  times,  with  corresponding  intervals  of  comparative 
warmth,  when  the  milder  but  not  less  powerful  tools  were  made 
use  of. 

In  the  midst  of  the  Glacial  Period,  however,  after  the  land 
had  been  well  ice-covered,  a  somewhat  considerable  depression 
probably  did  occur,  and  the  district  was  reduced  to  the  condition  of 
a  group  of  icy  islands.  When  re-elevation  occurred,  the  glaciers  still 
lingered  on  for  a  period,  but  at  length  gave  way  before  the  present 
milder  order  of  things.  It  seems  highly  probable,  however,  that 
this  district,  both  during  depression  and  elevation,  was  so  encased  in 
ice  that  marine  action  could  take  no  effect,  and  hence  its  comparative 
freedom  from  marine  deposits  and  traces  of  coast-action  at  various 
levels. 

It  seems  to  me,  then,  that  one  must  either  be  a  'marinist'  and 
believe  as  one's  creed  that  such  a  country  as  the  Lake-district — 
perhaps  the  most  denuded  in  England — received  its  sculptured  form 

^  Possibly  this  old  pre-Carboniferous  land  was  a  Lake-district ;  the  **  Old  Bed  " 
GlacieTB  may  hare  eoooped  out  **  Old  Bed  "  Lakes. 
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in  Pre-Permian  times  through  marine  action,  and  ever  sinoe  has  been 
at  a  standstill  as  regards  denudation,  with  the  exception,  perhaps,  of 
the  formation  of  some  paltry  ravine  or  evident  stream-course  which 
even  marinists  cannot  get  over ;  or  be  a  sub-aerialist,  and  believe 
that  in  Pre-Permian  times  the  sea  rough-hewed  a  block  of  country 
which  the  atmosphere  has  ever  since  been  carving  into  its  now 
complex  and  beautiful  form. 

Ihe  difference  between  a  marinist  and  a  sub-aerialist  seems  to  be 
this :  the  former  believes  in  the  great  power  of  the  sea  and  in  little 
or  no  other  power  besides ;  the  latter  in  the  great  power  of  the  sea 
to  rough-hew,  and  likewise  in  the  great  power  of  the  atmosphere  to 
sculpture. 

To  touch  briefly  upon  one  or  two  points  of  surface-geology.  From 
what  I  have  at  present  seen  of  the  Lake-district  I  certainly  should 
not  have  come  to  the  conclusion  that  the  "  steep  escarpments  generally 
face  the  east,  south-east,  or  north-east  ;"^  and  since  the  general  dip  of 
the  Green-slate  Series  is  to  the  south-east,  one  would  expect  rather 
the  contrary  to  take  place.  That  dip-slopes  to  the  east  or  south- 
east  sure  not  more  frequent  in  this  case  is  due,  I  think,  to  the  almost 
uniform  hardness  of  tiiese  so-called  Green-slate  beds;  since,  not  un* 
frequently,  where  a  well  stratified  ash-bed  is  found  amidst  the  lava 
flows,  it  gives  rise,  on  a  small  scale,  to  a  well-marked  dip-slope  on 
the  east  or  south-east  and  a  corresponding  escarpment  looking  west 
or  north-west. 

Among  other  things,  Mr.  De  Eance  speaks  of  the  disbelief  of  some 
people  in  the  much-excavating  power  of  streams  and  rivers  in  the 
Lake-district.'  Now  it  seems  probable  that  the  special  province  of 
the  rivers  is  not  so  much  to  excavate — though  that  is  often  done  to 
a  very  considerable  extent — as  to  scavenger,  to  bear  away  and  roll 
to  ever  lower  and  lower  levels  material  detached  by  the  action  of 
the  weather  from  the  hills  on  either  side.  And  how  anyone  can 
walk  along  a  steep  Cumberland  mountain-side,  with  the  loose  stones 
slipping  from  under  his  feet  at  every  step,  with  overhanging  crags, 
with  many  masses  already  half  slipping,  and  many  more  now  lying 
at  the  valley  bottom,  or  lodged  on  some  projecting  ledge, — some  dingy 
and  moss-grown,  others  but  freshly  feJlen;  or  can  even  watch  how 
the  sheep,  along  their  narrow  self-made  paths,  are  constantly  helping 
to  lower  the  loosened  material,  and  yet  shut  his  eyes  to  the  mighl^ 
but  slow  denudation  now  taking  place,  is  a  wonder. 

Of  the  filling  up  of  lakes  by  stream  and  river-borne  material 
there  seems  to  be  abundant  evidence.  Keswick  Lake  and  Bassen- 
thwaite  were  almost  certainly  once  connected  —  and  even  now 
occasionally  are  so  in  floods — ^yet  they  are  at  present  separated  by 
more  than  three  square  mUes  of  alluvium.  In  a  similar  way 
Buttermere  and  Crummock  Water  are  separated.  Thirlmere  has 
been  filled  up  at  its  head  for  at  least  a  mile.  There  is  many  an  old 
lake  too,  now  represented  solely  by  a  rich  alluvial  tract  Such 
deposits  as  these,  it  must  be  remembered,  represent  only  a  fraction 
of  the  denudation  that  has  taken  place  since  the  Glacial  Period, 
^  Maeldntoili,  Gzou  Mao.,  Vol  II*  >  Gbol.  Mao.,  Not.  p.  493. 
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uracil  of  the  denuded  material,  as  Mr.  De  Ranee  observes,  having 
found  its  way  to  the  sea.  That  such  alluvial  deposits  as  those 
named  above  have  been  formed  since  the  Glacial  Period,  is  evident 
by  the  vray  in  which  they  lap  round  and  cover  up  ice-smoothed  and 
ioe-8cratched  bosses  of  rock ;  and  if,  in  this  comparatively  short  time, 
such  denudation  has  taken  place,  what  amount  of  material  may  not 
have  been  removed  since  Permian  times  ? 


Y. — Obsebvations  on  the  Sequence  of  the  Glacial  Beds. 

By  8.  V.  Wood,  Jun.,  F.G.S. 

THE  Article  in  this  Magazine  by  Prof.  Harkness,  *'  Onthe  Middle 
Pleistocene  Deposits  of  BritaiHf^'^  will,  I  trust,  call  the  attention 
of  geologists  more  prominently  to  the  fact  that  a  break  occurred  in 
the  Glacial  period,  wherein  the  formation  of  Boulder-clay  was 
arrested  for  a  considerable  interval,  and  an  extensive  formation  of 
sands  and  gravels  spread  out,  accompanied,  apparently,  by  some 
amelioration  of  tbe  t^perature  of  the  sea.  Nevertheless,  there  are 
several  things  pressed  by  Prof.  Harkness  into  his  case  as  to  which  a 
word  of  caution,  and  even  of  dissent,  seems  necessary. 

I  would  preface  these  remarks  by  venturing  to  demur  to  any 
attempt  to  determine  the  succession  of  the  Glacial  and  Post-glacial 
marine  series  by  the  evidence  of  organic  remains  alonCy  and  to  urge 
that  this  kind  of  evidence,  unless  kept  strictly  subordinate  to  that 
afiTorded  by  the  physical  relations  of  the  beds,  as  well  as  by  mapping, 
or  other  close  method  of  pursuing  them,  is  more  likely  to  mislead 
than  assist,  in  consequence  of  almost  all  the  shells  belonging  to 
species  now  existing.  There  are,  however,  two  marked  facts  con- 
nected with  this  kind  of  evidence  which  I  think  may  be  relied  upon. 
These  are :  1st,  that  the  presence  of  Tellina  Balthica  (soUdula)  is  a 
test  that  the  bed  yielding  it  belongs  to  the  Glacial  or  Post-glacial 
formations,  and  not  to  any  of  the  Crag  series  ;'  and  2ndly,  that  the 
absence  of  Tellina  obliqua  affords  a  presumption^  that  the  bed — at 
least  any  English  bed — from  which  it  is  absent  is  of  Post-glacial  age, 
meaning  by  such  term  that  it  belongs  to  the  period  during  which 
the  land  was  rising  from  the  great  Glacial  submergence,  or  to  the 
time  which  followed  emergence.  With  these  two  exceptions,  I  would 
urge — and  as  much  in  depreciation  of  my  own  inferences  as  those 
of  others — that  any  conclusions  sought  to  be  deduced  from  a  list 
of  MoUusca  should  be  received  with  large  savings  on  various 
accounts. 

With  that  premise,  I  venture  to  doubt  whether  Prof.  Harkness 
has  not  included  in  his  extensive  sweep  of  identification  with  the 
Wexford  Gravels  some  beds  that  can  hardly  by  any  possibility  be 
identical. 

How  far  the  identity  he  seeks  to  establish  between  the  gravels  of 

»  Vol.  vi.,  p.  643. 

'  As  this  sbell  has  so  lon^,  but  erroneously,  been  included  in  lists  of  Crag  shells,  it 
may  be  asefal  if  I  add  that  it  is  not  given  as  a  shell  of  the  Belgian  Crag  by  M.  Nyst 
'  Subject,  however,  to  the  doubt  expressed  further  on  in  thitf  paper. 

VOL.  VIL — NO.  Lxvn.  2 


18  S.  V.  Wood,  Jun.— Sequence  of  Gladal  Beds. 


Wexford  and  those  oocurring  in  the  basin  of  the  Serarn,  and 
between  both  of  these  and  the  Middle  Glacial  of  the  East  of  England, 
may  be  well  foonded,  I  Tentare  no  further  opinion  than  that  the 
fauna  of  the  Severn  gravels  differs  materially  from  that  of  the  East 
Anglian  formation,^  and  that  these  gravels  have  not  yet  been 
described  as  overlain  by  Boulder-day. 

No  mention,  either,  is  made  by  him  of  TeUina  Miqua  among  the 
Wexford  shells;  nor  is  that  shell  among  those  given  from  the 
Severn  gravels.  He  is  also  silent  as  to  TeUina  calcarea  {praxiwua  or 
UUa)  being  among  the  Wexford  fossils — a  shell  never  absent  from 
any  of  the  Glacial  series,  or  even  from  what  I  venture  to  think  may 
be  among  the  oldest  of  the  Post-glacial,  viz.,  Moel  TryfBien,  thou^ 
this  shell  is  among  those  enumerated  from  the  Severn  basin.  Never- 
theless,  I  ought  to  mention  that  I  have  traced  the  Middle  Glacial, 
from  its  great  expansion  in  East  Anglia  along  a  narrow  and  tortuous 
belt  across  the  more  central  counties,  to  a  part  where,  around  Bugby, 
it  is  cut  through  by  valleys  whose  drainage  belongs  to  that  system 
which  falls  into  the  Severn  at  Tewkesbury. 

With  respect,  however,  to  any  identity  between  the  Middle  Glacial 
of  East  Anglia  and  the  gravels  of  Mod  Tryfaen  and  the  Macdesfidd 
neighbourhood,  the  ca»e  seems  to  me  to  admit  of  more  positive 
determination,  and  that  determination  to  be  adverse  to  such  identity. 

To  make  the  case  intelligible,  I  place  the  beds  of  the  Eastern  side 
of  England  in  that  (descending)  order  which  I  have  for  some  time, 
in  co-operation  with  the  Bev.  J.  L.  Bome  and  Mr.  F.  W.  Harmer, 
been  endeavouring  to  establish.' 

Kewer  (  a.  Ordinary  river-eraTels  and  brick-earths  without  CynnmJbimmMliM — 
Pott-glacial  \  a  series  probably  extending  orer  considerable  time. 

'b,   Hessle  (Boulder)  clay. 

Hessle  gravel  fKelsea  Hill  bed)  with  Cyrena  Jbtmim^Us  and  th« 

Nar  Talley  beos. 
Gnrels  mostly  occurring  on  plateaux  and  on  hills ;— sporadic  accu- 
mulations of  small  extent  and  at  all  lerels,  and  connected  with 
the  denudation  of  the  Glacial  beds  during  their  emergence  from 
the  great  depression. 

Here,  or  more  precisely  between  e  and  e,  interrenee  the  great  denudation  and 
principal  unconformity. 

Ie.  The  purple  (Boulder)  clay  of  Yorkshire  witk(mt  \  Both  of  these 
chalk,  passing  down  into  I     have    inter- 

/.  The  purple  (Boulder)  clay  with  chalk,  and  contain-  I      calated  bedi 
ing  the  Bridlington  shell-bed.  /      of  sand. 

/'.  The  great  chalky  (Boulder)  clay. 

Middle     (/.    The  Middle  Glacial  sand  and  grarel,  with  chalky  Boulder-day  in 
Glacial.     (  some,  though  Tery  rare,  instances  either  in  it  or  at  its  base. 

A  marked  unconformity  and  a  considerable  denudation  of  the  beds  ^  and  A  here 
intenrenea. 

^  The  list  of  Mr.  Maw's  Serem  Grarel  shells,  identified  by  Mr.  Jeffreys,  contains 
fhirtr-fiTe  forms  of  Mollusca,  all  of  them  living.  Eight  of  these  (inclusiTe  of  7W/iimi 
JBalthiea)  are  unknown  to  the  Crag,  and  of  such  eight  two  only  range  into  the  Arctic 
■eas.    As  to  the  East  Anglian  shells,  see  post 

>  For  this,  see  principiOly  the  following  papers,  viz. :-  8.  V.  Wood,  jun.  and  J. 
L.  Rome,  Quart  joum.  GeoL  Soc.,  toI.  xxiy.  p.  146.  8.  V.  Wood,  jun.  and  F.  W. 
Harmer  (Brit  Assoc.,  1868),  Gbol.  Mao.,  Vol.  V.  p.  462.  8.  V.  Wood,  jun.,  in  a 
paper  read  before  the  Geol.  Soc.  on  Dec  8, 1869. 


Older 
Post-glacial" 
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>f.  The  Contorted  Drift  of  Norfolk  and  its  mmrl  reinresentatiTe.  Between 

this  and  A  there  is  a  rery  conspicuous  denudation  and  uncon- 

Lower       1  formity  risible  in  Hasboro*  cliff ;  but  it  seems  local,  and  is  Terr 

GladaL      i  different  in  character  and  extent  to  the  other  oncunformities  an^ 

denudations  mentioned. 
A.  The  Cromer  Till  and  the  Pebbly  sand  of  Norfolk  and  Suffolk. 
A  marked  unoonibrmity  and  denudation  here  again  occurs ;  the  interral  of  which 
is,  at  I  U9W  think,  marked  by  the  Cromer  Forest  and  its  associated  fresh-water  beds. 

fu    The  Chillesford  clay  and  sand,  forming  the  upper  or  marine  portion 
of  the  Norwich  Crag. 
k.  The  Red  Crag,  and  the  lower  or  flunomaiine  portion  of  the  Norwich 
Crag. 

In  addition  to  the  above  may  be  added  a  class  of  mound-like 
gravels  in  the  mountainous  parts  of  Britain,  due  to  the  action  of  the 
Glaciers  occupying  the  mountain  valleys  during  the  Post-glacial 
period\  and  which  probably  extend  over  the  greater  part  (and,  in  the 
higher  latitudes  of  Britain,  indeed  of  the  whole)  of  the  period 
embraced  by  the  deposits  a  to  d  inclusive,  but  to  which  I  shall  have 
no  occasion  to  allude  in  this  paper. 

Subsequent  to  the  latest  of  the  above  series  (a)  the  land  has 
undergone  a  depression  by  which  the  forests  occurring  under  the 
coast  silt  and  alluvium  were  buried;  the  greatest  extent  of  this 
depression  of  which  we  have  evidence  being  that  of  56  feet  below 
high-water  mark  at  Grimsby. 

The  Gravel  formation,  extending  from  the  neighbourhood  of 
Beading  to  that  of  Canterbury,  and  of  which  a  part  occupies  the 
Thames  valley  between  Pangboume,  in  Berks.,  and  Fobbing,  in 
Essex,  is  omitted  from  this  t-xble  for  the  sake  of  simplicity.  I  regard 
it  and  its  associated  beds  with  Cyrena  fluminalis  as  coeval  with  the 
beds  h  and  c. 

Between  e  and  c  there  occurred  the  great  emergence  of  the  land 
from  the  climax  of  the  Glacial  submergence — a  submergence  that 
we  know,  from  the  dispersion  of  the  Shap  granite  blocks,  to  have 
amounted  to  1,400  feet  at  the  least.  This  emergence  was  accom- 
panied by  a  very  great  denudation,  that  is  feebly  marked  by  the 
beds  d,  forming,  necessarily,  the  terms  of  a  long  series,  of  which  the 
highest  are  the  oldest,  and  the  lowest  the  newest ;  all  those  occurring 
in  East  Anglia,  where  the  highest  elevation  does  not  exceed  ooO  feet, 
belonging  to  the  latter  class.  It  was  not  until  the  emergence 
had  reached  a  point  corresponding  nearly  to  the  existing  level  that 
the  beds  c  were  formed,  because  we  find  in  them  at  Kelsea  the  river- 
shell  Cyrena  fluminalis  associated  with  a  littoral  marine  fauna,  which 
proves  that  low-lying  Holdemess  had,  at  this  time,  become  in  close 
contiguity  to  land.  The  re-submergence  giving  rise  to  the  clay  6, 
which  overlies  c,  was  not  only  insignificant  in  amount  when  com- 
pared with  that  great  submergence  in  which  the  Glacial  period 
culminated,  but  was  also  local  in  its  extent ;  the  general  lay  of  the 
clay  b  indicating  that  its  maximum  submergence — which  could 
scarcely  have  exceeded  350  or  400  feet  anywhere  in  Yorkshire,  if 
indeed  it  amounted  to  so  much — died  off  to  nothing  towards  southern 

1  Different  altogether  to  the  enveloping  Glacier,  or  ice  sheet  of  the  Glaeialy  or 
aaheidenoe  period  referred  to  in  the  latter  part  of  this  paper. 
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Lincolnsliire.  This  limited  eind  localised  re-submergence,  it  will  be 
observed,  was  not  only  posterior  to  and  unconnected  with  the  great 
Glacial  submergence,  but  seems  to  have  been  confined  to  the  more 
Northern  part  of  England.^  What  length  of  time  was  involved  in 
the  progress  of  this  great  and  original  emergence,  I  will  not  venture 
to  estimate ;  but  it  can  scarcely  have  been  otherwise  than  con- 
siderable ;  and  it  is  one  which,  by  assigning  to  it  certain  fossiliferouB 
gravels,  may,  I  think,  afford  us  an  exit  from  many  difiSculties. 

We  are  naturally  too  apt  to  estimate  the  duration  of  G^logical 
time  by  the  amount  of  deposit  formed  in  any  period,  whereas 
probably  the  longest  lapses  have  been  those  of  which  we  have  no 
representation,  in  the  shape  of  deposits,  in  this  country.  As  Mr. 
Darwin  has  said,  it  is  during  submergence  that  deposits  accumulate; 
while  during  emergence  their  destruction  is  the  principal  thing  that 
takes  place,  such  accumulations  as  do  form  at  this  time  being  of 
limited  extent  and  sporadic  in  their  distribution. 

Adding  to  the  time  thus  occupied  in  this  great  emergence  and 
denudation  that  which,  subsequently  to  the  North-East  of  England 
having  completely  emerged,  was  occupied  in  its  partial  re-submer- 
gence and  recovery  therefrom,  and  to  this  again  adding  the  period 
during  which  our  river-gravels  and  brick-earths,  without  Oyrena 
fluminalis,  were  accumulating — a  period  in  which  very  considerable 
changes  in  the  mammalian  inhabitants  of  this  country  took  place — 
and  we  shall,  I  think,  find  ample  scope  for  supposing  that  the  Post- 
glacial period  {as  previously  defined)  may  have  equalled,  if  even  it  did 
not  exceed,  in  duration  the  Glacial. 

Let  us  now  examine  the  features  which  the  Mollusca  yet  obtained 
from  the  various  beds  present,  llie  pebbly  sands  of  Belaugh  and 
Eackheath,  in  Norfolk,  to  which  Prof.  Horkness  refers  as  underlying 
the  Lower  Boulder-clay  of  that  county,*  are  those  from  which  the 
Lower  Glacial  shells  have  been  procured  by  Mr.  Harmer  and  myself. 
They  have  yielded  thirty- five  forms  of  Mollusca.  This  sand,  though 
continuous  with  the  pebbly  sand  imderlyiug  and  interbedded  with 

*  How  far  it  may  have  extended  into  Scotland  1  know  not ;  but,  while  the  central 
part«  of  England  do  not  appear  to  have  participated  in  this  partial  re-submergence,  it 
IS  important  to  observe  that  the  evidence  seems  to  me  clear  that  all  the  South  of 
England,  as  far  as  the  Northern  limit  of  the  Thames  gravel  formation,  except  the 
higher  parts  of  the  Wealden  dome,  had  not,  at  the  time  of  which  I  am  speaking, 
emerged  from  the  original  Glacial  depression,  but  was  being  denuded  under  the 
influence  of  those  submarine  diiiturbances  which  began  by  breaking  up  the  Thames 
gravel  formation,  and  terminated  with  the  elevation  and  complete  denudation  of  the 
Weald  valley.  It  seems  reasonable  to  suppose  that  the  partial  re-submergence  of 
the  North-Last  of  England  was  the  result  of  this  clevatory  activity  in  the  South,  by 
way  of  counterpoise,  and  that  during  it  the  Cyrefta  Jluminalis  occurring  in  the  Thames 
gravel  formation,  and  in  the  bed  c,  and  not  known  as  a  Glacial  shell,  died  out  in  this 
country. 

2  This  term,  "  Lower  Boulder-clay,"  is  very  objectionable  and  illusory ;  for  not 
only  are  there  several  Boulder-clays,  out  the  so-called  Lower  Boulder-clay  of  Cromer 
(part  of  h)  is  not  the  bed  called  Lower  Boulder-clay  at  Norwich,  which  is  the  con- 
torted drift,  g^  that  overlies  h  on  the  Cromer  coast.  On  the  other  hand,  if  I  am 
right  in  my  deductions,  the  bed,  €'\  which  is  the  uppermost  in  East  Anglia,  is  the 
lowest  Boulder-clay  in  Yorkshire ;  the  bed  b^  which  1  regard  as  no  part  of  the  Glacial 
series  at  all,  being  the  uppermost  Boulder-clay  of  this  couuty. 
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the  Till,  along  the  Cromer  ooast,  and  yielding  similar  sliells,  is 
r^arded  by  Mr.  Harmer  and  myself,  from  the  way  in  which  the 
Till  disappears  southwards  towards  Norwich,  as  the  sands  thicken, 
and  from  other  circumstances,  as  representing  not  merely  the  sand 
imderlying  and  interbedded  with  the  base  of  the  Till  along  the  coast, 
but  also  the  Till  itself,  which  contains  sheets  of  chalk,  stripped  by 
land-ice  from  the  old  Norfolk  floor.  Such  shells  and  fragments  as 
the  Till  and  the  Contorted  drift,  g  (which  overlies  the  Till  where 
that  is  present,  and,  where  it  is  not,  overlies  the  pebbly  sands),  have 
yielded,  are  all  forms  which  occur  in  the  Belaugh  and  Backheath 
sands ;  and  we  feel  no  hesitation  whatever  in  regarding  the  fauna 
obtained  from  the  sands  at  these  localities,  and  at  Weyboume  and 
Runton,  as  being  that  which  lived  during  the  accumulation  of  the 
beds  g  and  A,  forming  the  Lower  Glacial  of  the  above  table.  Now, 
with  the  exception  of  TeUina  BaUhica  (^aolidula),  the  test  shell  of  the 
Glacial  and  Post-glacial  series,  and  of  a  new  species  of  the  fresh- 
water shell  Paiudina,  all  the  forms  thus  obtained  belong  to  the 
Ugper  Crag. 

The  Middle  Glacial  shells  now  obtained  by  me,  with  the  assistance 
of  Mr.  Dowson  (of  (}eldeston),  from  Hopton  ClifiP,  where  this  deposit 
actually  occurs  between  g  and  e" — supplemented  by  some  odiers 
from  the  Bradwell  Cutting,  two  miles  inland  of  the  cliff,  where  the 
deposit  is  also  capped  by  eT,  obtained  by  Mr.  Bose,  and  identified  for 
him  by  Mr.  Jeffreys  —amount  in  number  to  thirty.  These  also,  with 
the  sole  exception  of  Tellina  Balthica,  are  Upper  Crag  shells ;  nine- 
teen of  them  also  occur  in  the  pebbly  sands  (A). 

So  far,  therefore,  as  the  evidence  yet  obtsoned  goes,  not  a  single 
marine  mollusc,  with  the  exception  of  TeUina  Balthica,  had,  from 
the  period  of  the  Upper  Crag  down  to  the  close  of  the  Middle  Glacial 
formation,  establishea  itself  in  the  East  of  England,  though  a  number 
seem  to  have  disappeared. 

Throughout  this  time,  and  also  throughout  the  formation  of  the 
bed  er,  the  most  extensive  of  the  series,  the  material  of  which  the 
beds  are  formed  proves  that  the  Chcdk  was  the  largest — ^indeed,  in 
many  places,  the  almost  exclusive — contributor,  by  its  icy  degrada- 
tion, to  their  formation. 

At  Bridlington,  however,  just  at  the  horizon  (e'),  in  the  series 
where  the  supply  of  Chalk  dShris  begins  to  fall  off,  and  when,  we 
may  infer,  most  of  the  Chalk  itself  had,  by  the  progress  of  the 
tabmergenoe,  passed  out  of  the  reach  of  the  icy  degradation,  we  got 
a  very  marked  and  different  fauna — different  not  only  in  the  fact  of 
Ha  containing  many  shells  not  known  to  the  Crag,  but  in  the  circum- 
stanoe  that  all  of  these  introductions  are  of  an  Arctic  character.  Out 
of  sixty-seven  Bridlington  forms  there  are,  inclusive  of  TeUtna 
BaUkica,  twenty-two  not  known  to  the  Upper  Crag;  the  greater 
part  of  these  being  exclusively  arctic  forms,  and  the  rest  (with  the 
exception  of  two,  or  perhaps  three,  not  known  living)  British  shells, 
extending,  with  one  exception,  into  the  truly  Arctic  seas. 

Throughout  all  the  series  up  to  this  point,  the  now  extinct  shell, 
TMna  oUifna,  lived.    In  the  Coralline  Crag  it  occurs.    In  the  Bed 
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and  Fluvio-marine  Crag,  in  the  Chillesford  bed,  and  in  the  Lower 
Qlacial  it  swarms.  In  the  Middle  Glacial  it  appears  to  be  not 
uncommon,  and  at  Bridlington  it  seems,  from  Dr.  Woodward's  list, 
to  have  occurred. 

Let  us  now  contrast  with  these  features  those  afforded  by  the 
fauna  from  Moel  Tryfaen,  and  from  the  Macclesfield  sands,  given  by 
Mr.  Darbishire,^  and  that  from  Kelsea  Hill  (bed  c),  given  by  Messrs. 
Prestwich  and  Jeffreys.' 

Mr.  Darbishire,  grouping  Moel  Tryfaen  and  Macclesfield  together, 
enumerated  seventy  forms  of  Marine  Mollasca,  among  which  are  no 
less  than  seventeen  or  eighteen  not  known  to  the  Upper  Crag,  of 
which  only  six  are  Arctic  shells ;  and  these  (unlike  the  principal 
part  of  the  Bridlington  introductions,  which  are  exclusively  Arctic) 
are  British  forms  extending  into  Arctic  seas.  The  rest  of  the  seven- 
teen or  eighteen  are  British  and  Southern.  The  six  British  and 
Arctic  forms,  however,  do  occur  at  Bridlington. 

Of  the  forty  forms  (exclusive  of  the  fresh-water  CyrenOy  but 
inclusive  of  the  sinistral  variety  of  Fusua  antiquus  as  a  separate 
form  and  all  marine)  given  by  Messrs.  Prestwich  and  Jeffreys  from 
Eelsea  Hill,  there  are  six  that  do  not  occur  in  the  Crag,  only  one  of 
which,  the  never-failing  Tellina  Balihica,  is  British  and  Arctic,  the 
remaining  five  being  British  and  Southern ;  all  are  living  forms,  and 
there  is  little,  indeed  nothing,  in  the  group  of  shells  as  a  whole  that 
points  to  any  affinity  between  them  and  the  Bridlington  fauna. 
Comparing  it  with  Mr.  Darbishire's  list,  there  also  appears  an  equal 
want  of  such  a  reasonable  identity  as  would  justify  its  reference  to 
the  epoch,  whatever  it  be,  marked  by  Mr.  Darbishire's  list,  besides 
the  indication,  aftbrded  by  the  occurrence  in  profusion  of  Cyrena 
fluminaliSy  of  how  shallow  and  estuarine  must  have  been  the  place  of 
its  occurrence,  while  the  exclusively  marine  fauna  of  Mr.  Darbishire's 
list  occurs  at  elevations  reaching  to  1350  feet  above  Kelsea  Hill. 
Out  of  the  seventy  of  Mr.  Darbishire's  list  thirty -nine  are  not  known 
at  Kelsea,  while  out  of  the  forty  Kelsea  shells  of  the  list  of  Messrs. 
Prestwich  and  Jeffreys  there  are  (exclusive  of  the  Cyrena)  nine  not 
in  Mr.  Darbishire's  list. 

In  none  of  these  lists  does  the  name  of  Telltna  ohliqua  appear ; 
and  were  it  not  for  an  imperfect  specimen  I  found  at  Kelsea,  that 
resembles  this  shell  (but  which  may  nevertheless  be,  and  I  think  is, 
only  a  large  and  broken  T.  Balthica),  I  should  have  had  no  hesitation 
in  saying  that  Tellina  ohliqua  seems  to  have  died  out  between  the 
period  of  Bridlington  and  that  of  Moel  Tryfaen. 

In  the  next  number,  I  shall  endeavour  to  show  how  the  physical 
evidence  accords  with  that  deduced  from  the  organic  remains. 

>  Gbol.  Mao.,  Vol.  II.,  p.  298.     *  Quart  Jonm.  Oeol.  Soc.,  vol.  rrii.,  p.  448. 

{To  be  concluded  in  our  next  number ,) 
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YI. — Son  ESMABKS  ON   THE   FoBMATION  OF  THX   ChKSIL  BaKK. 

Bt  Thomas  Codrinotox,  F.6.S. 

THE  Paper  "  On  the  Formation  of  the  Chesil  Bank,"  which  appeared 
in  the  Gsologioal  Magazine  for  October  last,  is  prefaced  by  a 
statement  that  the  authors  (Messrs.  Bristow  and  Whitaker)  do  not 
propose  to  enter  into  the  question  of  the  way  in  which  the  shingle 
was  heaped  up.  But  the  way  in  which  the  shingle  was  heaped 
up  is  intimately  connected  both  with  the  formation  of  the  Chesil 
Bank  and  with  its  position  in  advance  of  the  shore  line,  and,  if 
rightly  understood,  any  speculations  on  the  waste  of  the  coast  behind 
the  bank  by  sub-aerial  denudation  are  superfluous. 

The  subject  is  fully  gone  into  in  Mr.  Coode's  paper  "On  the  Chesil 
Bank"  (Minutes  of  Proceedings  Inst.  Civil  Engineers,  1853),  and 
in  the  discussion  which  follows  it,  and  the  action  of  the  sea  in 
throwing  up  beach  is  one  upon  which  those  who  have  paid  attention 
to  the  subject  are  pretty  well  agreed. 

The  origin  of  the  Chesil  and  similar  shingle  banks  is  due  entirely 
to  the  heaping- up  action  of  waves  breaking  when  they  reach  a  depth 
of  water  about  equal  to  their  own  height,  and  when  a  deep  sea  wave 
comes  suddenly  into  shallow  water,  whether  it  be  close  in  shore,  or 
over  a  shoal  or  bank,  shingle  will  be  thrown  up,  if  present.  With 
this  action  tidal  currents  and  eddies  have  nothing  to  do. 

The  authors  of  the  paper  endeavour  to  draw  a  distinction  between 
the  Chesil  Bank  and  other  shingle  banks,  but  there  is  no  essential 
difference.  The  Chesil  Bank  is  undoubtedly  the  largest  and  most  re- 
markable, but  the  Orfordness  shingle  bank  rivals  it  in  length.  The 
latter  is  separated  from  the  shore  for  ten  miles,  and  it  is  a  matter  of 
history  that  it  has  increased  in  length  five  miles  in  three  centuries. 
The  growth  of  other  similar  banks  has  been  observed,  and  a  small 
but  instructive  example  is  furnished  by  the  shingle  bank  now  form- 
ing across  the  mouth  of  Christchurch  Harbour. 

About  twenty  years  ago  the  working  of  ironstone  in  the  Brackle- 
8ham  beds  of  Hengistbury  Head  was  commenced,  and  some  large 
blocks  which  had  before  fallen  from  the  cliff  on  to  the  foreshore  were 
removed.  The  result  has  been  that  an  accumulation  of  beach, 
derived  from  the  gravel  capping  the  cliffs  to  the  westward,  which 
had  previously  only  travelled  round  the  headland  in  small  quantities, 
was  let  loose,  and  a  shingle  bank  a  mile  in  length  has  already 
formed,  and  is  now  growing  at  the  rate  of  about  forty  yards  a  year, 
with  every  prospect  of  continuing  to  do  so  until  the  accumulation  of 
beach  to  the  westward  has  been  reduced  and  the  balance  restored,  or 
until  proper  measures  are  taken  to  stop  the  travel  of  the  beach 
round  Hengistbury  Head. 

At  the  Chesil  Bank  all  the  conditions  exist  for  the  formation  of  an 
isolated  bank.  There  is  unusually  deep  water  close  in  shore,  so  that 
the  Atlantic  waves  come  in  with  full  force,  and  under  the  shingle 
there  is  a  bank  of  clay  at  about  the  level  of  low  water.  Before  Mr. 
Coode  had  proved  its  existence  at  several  points  by  boring,  the  Astro- 
nomer Royal  had  suggested  that  a  bank  or  a  shoal,  enough  to 
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the  sea  break,  must  be  the  detarmining  cause  of  tbe  line  of  the  Cheeil 
Bank ;  and  Gough,  in  his  additions  to  Camden  (1789),  mentions  the 
base  of  black  clay  left  exposed  when  the  sea  breached  the  bank  and 
swept  away  the  shingle.  All  the  old  accounts  of  the  Chesil  Bank 
speak  of  its  being  broken  through  as  if  it  were  not  an  nnfrequent 
event,  whereas  it  has  not  happened  more  than  once,  if  at  all,  in  the 
present  century.  There  is  idso  reason  to  believe  that  its  height  is 
now  greater,  and  it  has  probably  increased  in  size  down  to  the 
present  time,  its  formation  being  the  result  of  the  present  contour 
of  the  coast  line  of  the  West  Bay. 

The  source  of  the  materiab  of  the  bank  is  unquestionably  the 
coast  between  Sidmouth  and  Lyme  Begis,  to  the  east  of  whidi  are 
Lias  clifb,  which  are  being  so  rapidly  destroyed  by  the  action  of  the 
sea,  that  it  is  easy  to  imagine  that  at  no  distant  time  the  coast  line  at 
that  point  advanced  enough  to  stop  the  travel  of  the  shingle.  As 
the  removal  of  a  few  large  blocks  from  the  shore  at  Hengistbury 
Head  set  the  beach  in  motion  to  form  the  bank  off  Christchuich 
Harbour,  so  the  wasting  of  the  Lias  dififo  near  Charmouth  and  Lyme 
may  be  conceived  to  have  removed  the  obstacle  to  the  travelling  of 
a  large  accumulation  of  shingle,  which,  moving  eastwards  under  the 
action  of  \h%  prevailing  winds,  was  ultimately  thrown  up  to  form 
the  Gbesil  Bank. 

While  the  commonly  received  explanation  of  the  formation  of  the 
Chesil  Bank  is  quite  sufficient,  the  theory  put  forward  by  the 
authors  appears  to  have  no  facts  to  support  it.  Stress  is  laid  on  the 
supposed  circumstance  that  where  there  are  no  streams  the  beach  is 
not  separated  from  the  land,  and  that  where  there  are  streams  it  is 
separated ;  but  this  is  not  really  the  case.  A  stream  flows  down 
from  the  west  side  of  St.  Catharine's  Hill,  and  turns  sharply  to  the 
cast  on  reaching  the  bank,  on  the  inner  side  of  wliich  it  flows  for 
about  half  a  mile  before  reaching  the  head  of  the  Fleet.  It  cannot 
be  supposed  that  the  end  of  the  Fleet  has  been  excavated  by  this 
stream  after  it  has  flowed  through  meadows  for  half  a  mile ;  and  the 
next  stream  (that  from  Abbotsbury)  enters  the  Fleet  about  a  quarter 
of  a  mile  below  its  upper  end.  The  hollow  in  which  the  Fleet  lies 
extends  for  more  than  half  a  mile  beyond  the  latter,  the  bank  rising 
some  twenty  feet  above  the  land  inside,  and  sending  out  spurs  which 
were  doubtless  thrown  up  as  ''  fulls ''  of  beach  at  an  early  stage  of 
the  growth  of  the  bank. 

The  Fleet  is  almost  stagnant ;  it  is  only  at  high  spring  tides  that 
any  variation  of  level  takes  place  at  the  upper  end,  so  that  tidal 
action  cannot  have  aided  in  its  formation.  TTie  largest  stream  flow- 
ing into  it  is  less  than  two  miles  long,  and  discharges,  according  to 
Mr.  Coode,  but  80  cubic  feet  per  minute.  The  tendency  of  this  and 
the  other  streams  is  to  fill  up  the  Fleet  rather  than  to  excavate  it 
Deposits  of  mud  line  both  sides,  particularly  at  the  mouths  of  the 
streams,  which  are  in  fact  small  deltas  of  mud  with  no  defined  water- 
courses. 

Lastly,  if  no  real  distinction  can  be  drawn  between  the  Chesil 
Bank  and  other  similar  shingle  banks,  the  theory  falls  to  the  ground. 
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for  it  cannot  be  said  that  the  isolation  of  the  Orfordness  bank,  Hurst 
bank,  and  many  others  that  might  be  named,  is  due  to  the  cause  ad- 
▼ocated  by  the  authors  of  the  paper. 


VIL — Teksaoes  on  Inland  Slopes. — Eeplt  to  G.  Poulett 

SoBOPE,  Esq. 

By  D.  Mackintosh,  F.O.S. 

IN  the  article  on  Terraces  in  your  last  number,  Mr.  Q.  Poulott 
Scrope  evidently  did  not  intend  writing  in  a  style  that  would 
bear  being  minutely  criticized,  or  he  was  not  sufficiently  particular 
in  quoting  from  my  work  and  representing  my  present  views.  As  it 
standsy  a  reader  of  Mr.  Scrope's  article  would  receive  impressions 
very  different  firom  those  which  a  perusal  of  my  chapter  on  Baised 
Beaches  and  Inland  Terraces  would  leave  on  his  mind.  Such  being 
the  case,  I  am  sure  Mr.  Scrope  will  pardon  me  if  I  make  a  few 
remarks  in  self-vindication. 

1.  The  sentence  quoted  by  Mr.  Scrope  in  connection  with  Brent 
KnoU,  is  applied  in  my  work  to  "terraces  of  erosion"  (not  '*  marine 
terraoea  of  erosion  ")  near  Qlastonbury. 

2.  While  expressing  an  opinion  that  the  Twyford  terraces  have 
been  formed  by  oceanic  currents  or  waves,  I  have  added,  *'  unless  in- 
deed we  have  recourse  to  the  idea  of  a  ponderous  body  of  land  ioe 
moving  down  the  valley,  and  scooping  out  large  grooves  in  the 
ndes  of  the  chalk  hills." 

3.  Instead  of  admitting  that  same  of  the  terraces  may  have  been 
formed  by  man,  I  have  used  the  words  ''  many  "  and  **  were."  I 
have,  however,  opposed  the  idea  of  all  or  even  the  greater  part  of 
the  terraces  being  artificial.  Mr.  Scrope  has  not  quoted  my  princi- 
pal objections  to  this  idea,  some  of  which  run  as  follows : — 

*^A  laise  proportion  of  these  terraces  are  Umgitudinally  inclined  to  such  a  demo 
m  to  ren£r  the  *  descent  of  silt '  theory  untenable.  Those  yery  cbaracteristics  which 
tt  fixBt  seem  to  render  it  improbable  that  many  of  the  terraces  were  once  sea-margins, 
tdl  with  equal  force  against  their  haying  been  formed  by  man.  Their  irregularity  is 
sAea  hewilneriwg,  and  yet  they  graduate  into  the  more  general  form  of  the  groimd, 
and,  in  most  cases,  oonjorm  in  longitudinal  inclination  to  the  tummit  eantourt  of  the 
ilopee  on  which  they  occur,  so  as  to  suggest  a  natural  rather  than  an  artificial  cause. 
.  .  .  .  [If  these  terraces  were  nuule  in  the  middle  ages,  and  cultiyated  by  different 
tmanta,  each  of  whom  worked  a  particular  terrace,  how  is  it  that  we  haye  no  record 
of  soeh  a  eostom  ?  .  .  .  .  the  immense  numbers  of  sheep  g^razed  in  the  middle  ages^ 
and  the  oonsequent  value  of  down  land,  must  in  a  yery  great  measure  haye  preyented 
its  beinff  cultiyated. — Mr.  Baigent,  of  Winchceter.1  ....  On  the  shores  of  the 
Menai  Stzaity  and  the  desiccated  branch  of  it  whicn  runs  from  Port  Dinorwic  to 
BtatgoTf  the  slopes  of  marine  drift  are  yaried  by  small  irregular  terraces  not  dis- 
tinguiahable  in  form  from  those  of  many  parts  of  the  chalk  districts.  .  .  .  The 
dims  of  Morecambe  Bay,  from  a  few  feet  aboye  the  sea  leyel  to  at  least  600  feet,  are 
IB  ouny  plfloei  marked  by  both  terraces  of  deposition  and  erosion.  Those  which 
oeenr  at  high  lerels,  on  ground  which  could  neyer  haye  been  cultiyated,  as  on  the 
west  ode  of  flampafell,  are  chiefly  terraces  of  erosion.  In  this  district,  as  elsewhere, 
rid^  baTe  been  artificially  formed  as  boundaries  between  fields,  but  they  are  Quite 
distinct  from  the  terraces  under  consideration." — I  might  haye  added  to  the  aooye 
natusl  temees,  thaoHindB  on  the  northern  slopes  of  the  Grampians  extending  down 
te  the  ahorei  of  the  Moray  Firth,  etc.,  ete. 
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4.  Instead  of  having  examined  no  terraces,  no  not  (me,  and  found 
rounded  pebbles,  eta,  I  have  examined  the  composition  of  many,  and 
in  the  chapter  of  my  work  under  notice  I  have  stated  that  the  Stock- 
bridge  terraces  are  covered  with  a  reddish  loam,  mixed  with  whole 
or  fractured  flints,  and  a  considerable  proportion  of  extra-rounded 
flint  pebbles.  Yet  I  have  not  asserted  the  marine  origin  of  these 
terraces,  though  I  believe  (with  the  author  of  Frost  and  Fire)  that 
they  are  "  sea- work. "  I  have  likewise  stated  that  one  of  the 
Llangollen  terraces,  as  revealed  by  a  road-cutting,  consists  of  **a 
terrace  of  erosion  covered  by  rounded  stones,  imbedded  in  clay  and 
earth."  I  may  add  that  the  Llangollen  terraces  are  more  or  lesa 
covered  with  an  extension  of  the  marine  drift  of  North  Wales.  I 
would  not  have  mentioned  the  apparent  refuse  of  decayed  shells  in 
this  drift,  were  it  not  that  Mr.  Darwin  long  ago  believed  that  a 
similar  substance  found  in  drift  near  Shrewsbury  indicated  the 
former  presence  of  sea-shells. 

6.  Mr.  Scrope  is  evidently  pot  serious  when  he  asserts  that  one  of 
the  Llangollen  terraces  is  close  to  the  railway  station,  and  presumes 
that  I  examined  it  while  the  train  was  stopping.  The  terrace  in 
question  is  between  a  mile  and  a  half  and  two  miles  from  the  nearest 
station,  namely,  Llantysilio ;  and  I  may  be  allowed  to  state  that  I 
am  not  in  the  habit  of  paying  hasty  or  railway  visits  to  geological 
phenomena. 

6.  The  discovery  of  sea-shells  in  terraces  is  not  an  indispensable 
proof  of  their  marine  origin,  as  undoubted  marine  drift,  in  which  no 
sea-shells  have  yet  been  met  with,  may  be  found  extending  over 
whole  counties. 

In  conclusion,  I  would  state  that  in  the  Geological  Magazine, 
nearly  four  years  ago,  I  inadvertently  used  the  word  "raised  beaches" 
instead  of  raised  coast-lines,  tidal  terraces,  or  current  marks.  In  my 
recent  work  I  have  not  applied  the  term  **  raised  beaches "  to  the 
terraces  of  the  chalk-downs,  but  have  written  about  them  in  a  very 
cautious  manner,  merely  expressing  opinions,  and  leaving  the  ques- 
tion of  their  origin  in  a  great  measure  undecided.  Neither  have  I,  in 
the  above  work,  exclusively  advocated  "  marine  denudation,"  but 
endeavoured  to  do  justice  to  all  parties.  The  power  of  fresh- water 
streams,  frost,  and  ice,  I  have  fully  acknowledged  (see  for  instance 
Becent  Atmospheric  Action  in  Snowdonia),  though  I  have  regarded 
them  more  as  destroyers  than  originators  of  the  more  typical  features 
of  the  earth's  surface. 

D^OTICES      OIF      nSJIEIDS^COIE^S- 

SiR, — ^The  kindness  of  Dr.  Carl  Jelinek.  the  Editor  of  the  Austrian 

Meteorological  Society's  Journal,  has  enabled  me  to  place  at  your 

service  the  accompanying  woodcuts,  in  illustration  of  the  subjoined 

translation,  which  you  may,  perhaps,  think  of  sufficient  interest  to 

find  a  place  in  the  Geological  Magazine. 

EoBEBT  H.  Scott. 
MrriOBOLOoiCAL  Office,  116,  Viotoru-btbeet,  Wistminstbr,  S.W. 
L^cembiT  8,  1869. 
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L — On  80HS  Beuarkablv  Forms  of  Hailstones  Eeoentlt 

Observed  in  Georgia. 

[Extract  from  a  letter  from  Staatsrath  Abich  to  CberalierW.  yon  Haidinger. 
From  the  Journal  of  the  Austrian  Meteorological  Society,  vol.  ir..  p.  417.] 

I  take  this  opportunity  of  giving  you  a  preliminary  notice  of  two 
hailstorms,  of  both  of  which  I  was  fortunate  enough  to  be  a  witness. 
The  phenomena  were  of  so  unusual  a  character  that  they  are  well 
worthy  of  a  full  and  precise  account 

They  took  place  within  fourteen  days  of  each  other,  the  first  on  the 
27th  May  last,  at  3  p.m.,  the  second  on  the  9th  June,  at  6  p.m.  The 
localities  were  not  far  asunder,  being  both  in  the  neighbourhood  of 
Tifiis,  near  Beloi  Kliutsch.  The  morphological  characters  of  the 
hailstones,  which  were  very  large,  as  much  as  sixty  or  seventy 
millimetres  in  diameter,  were  as  remarkable  as  they  were  dissimilar. 
On  the  first  occasion  they  were  oblate  spheroids,  resembling  Man- 
darin oranges,  while  their  structure  seemed  almost  organic.  On  the 
second  there  was  a  fall  of  actual  ice  crystals,  an  occurrence  which 
has  never  before  been  noticed,  at  least,  as  far  as  I  could  discover 
from  the  literature  within  my  reach.  The  stones  were  not  mere 
lumps,  exhibiting  indistinct  crystalline  forms,  but  spheroidal  bodies 
of  definite  crystalline  structure,  overgrown  along  the  plane  of  the 
major  axis  by  a  series  of  clear  crystals  exhibiting  various  combinations 
belonging  to  the  hexagonal  system.  The  commonest  forms  were 
those  which  occur  in  calcite  and  specular  iron.  Of  the  former  tj^pe, 
by  far  the  most  abundant  were  combinations  of  the  scalcnohedron, 
with  rhombohedral  faces ;  crystals  of  fifteen  to  twenty  millimetres 
in  height,  and  corresponding  thickness,  prettily  grouped  with  com- 
binations of  the  prism  and  obtuse  rhombohedra.  The  terminal  plane 
was  also  occasionally  noticeable.  Some  which  fell  at  the  beginning 
of  the  storm  were  flat,  tabular,  crystalline  masses,  thirty  to  forty 
millimetres  in  diameter,  resembling  the  so-called  "eisen-rose,"  which 
occurs  at  St.  Gotthardt. 

The  stones,  when  picked  up  quite  fresh,  showed  sharp  edges,  with 
faces  which  were  for  the  most  part  slightly  curs^ed  like  those  of 
diamond ;  however,  those  which  I  took  to  belong  to  the  scalcno- 
hedron were  perfectly  plane. 

I  was  in  the  open  air  when  each  of  the  storms  began,  and  was 
able  to  gain  shelter  before  I  received  any  injury.  This  was  fortunate, 
for  the  damage  done,  even  to  large  trees,  was  very  serious. 

I  reached  home  in  a  quarter  of  an  hour,  and  found  a  pail  full  of 
the  largest  stones,  which  had  been  collected  as  soon  as  the  first 
fright  had  passed  over.  My  house  was  not  much  damaged.  I  sat 
down  at  once  and  drew  ten  of  these  remarkable  forms,  which  had 
scarcely  undergone  any  alteration. 

I  have  often  thought  over  our  conversations  about  hail,  and  I  see 
that  if  I  now  applied  all  the  theories  wliich  have  ever  been  broached 
to  the  facts  which  have  come  under  my  own  notice,  not  a  single  one 
of  them  will  give  me  any  light  towards  their  explanation.  I  would 
ask  how  such  a  regular  growth  of  crystalline  masses,  reminding  us 
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in  their  chuaotor  of  the  dinsy  CTTitali  of  oaldta  fiom  AndraMbeig, 
can  be  reoanoUed  with  the  violent  atmoepherio  oommotion  whkh  m 
suppose  to  accompany  the  formatian  of  haiL  Wa  aaj  m  wotarl  mU 
Jit  per  saltut,  and  I  believe  it  The  growing  oryatalline  mMi  mut 
have  been  Buspended  for  a  long  time  in  a  veiy  oold  Btntnm  ot 
aqueoQB  vaponr  belbre  it  reached  the  eartli. 

[The  two  subjoined  oats  are  oopied  as  oloaelj  ai  pOMible  from  fte 
original  drawings.] 

a.  I  wonld  only  add, 

bj  wa7  <tf  tk  hin^  ta 

explain  iriut  oaimot 

be  shows  by  moh  in* 

r  perfect  drswingi,  tfait 

where  flie  flat  ^ha- 

rmdal   fining  imbh- 

bling  speooiir  iron,  in 

the  oantze  of  Ute  dnw- 

ing,  exhibit  ahadii^ 

the  orjatala  weio  not 

always  opaqne.    II%a 

ring  snnoanding  the 

nQuens  had  a  milky 

appeoranoe,  owing  to 

small   air   bnb- 

blea,  aa  had  the 

Dnolens  itaelf  in 

moat    instaooes. 

Uany  (rf  them, 

howevra,  had  a 

dear      nodeoa. 

This  oonid  easily 


the  stones  had 
all  melted  down 
to  cakes  of  ahont 
an  inch  in  dia- 


Actiu]i«inBaitsl]laDa((i(tlMutanlri»)Dttwac>(tluEalManei     ^7    taking    the 
"^^JnaeoTglagDtlieMhJaiie.lSW.dniwiiiitthatiinsb)'    shape    of    ft     re- 


gular    hexagon. 

The  milky  ring  ronnd  the  central  point  was  clearly  diatingnishable 
aa  a  sort  of  fibrans  web  composed  of  the  finest  air  oavitiea  traversed 
by  tlireadlike  pores.  In  some  cases  tiiere  was  no  ring,  and  the 
nucleus  was  semi-opaque. 

The  shading  roimd  the  border  of  the  large  (uicle  is  only  intended 
to  mark  the  smooth  spheroidal  form  of  the  central  mass.  The 
actual  crystals  were  attached  parautically  to  its  edge,  or  else  inserted 
in  a  sort  of  socket,  as  I  found  when  the  stones  thawed  down. 
(See  a.  Tig.  \.) 
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All  the  stones  oontained  fine  air  pores,  pear-shaped  or  worm -like, 
nmning  from  the  centre  to  the  circumference.  The  drawings  sure  as 
near  as  possible  natural  size. 

n. ^DXSORIPTION   or    CONCBOPOMA   OADIFOHME,   A   KXW   GeNIJS   VBOM 

THB   PXRMIAN   OW  LsBAOH,    EtO. 

Bj  Profeaior  Kirxa,  of  Vienna.    Abstracted  by  Dr.  Ch&.  Lutkbn. 

[Iner :  TJeber  ConehopomM  gadiforme^  n.g.,  nnd  Aeanthodet  ans  dem  Rotbliegenden 
(der  ontem  Dyaa)  ron  Lebach  bei  Saarbriicken  in  Bbeicprenasen.  Wiener 
Sitnngsberichte.    Irii.  bd.    1868.] 

THE  length  of  the  head  was  in  the  smaller  specimens  about  one- 
fonrth  of  their  total  length,  but  in  the  larger  hardly  one-fifth ; 
it  was  at  least  as  broad  as  high,  or  even  broader ;  the  mouth  was 
terminaL  Both  jaws  were  armed,  in  the  middle,  with  a  single  series 
(rarely  sereral)  of  pointed  teeth ;  the  vomer  and  palate  were  paved 
with  a  series  of  liurger,  thicker,  partly  globular,  partly  obtusely- 
pointed,  crushing  teeth ;  a  similso*  series  of  teeth  was  directly  opposed 
to  it  below,  probably  placed  on  the  hyoid  bone ;  the  palatine  bones 
had  also,  apparently,  a  narrow  longitudinal  band  of  similar  teeth. 
Hie  upper  part  of  the  head  was  covered  by  thin  plates  radially 
furrowed.  The  eye,  apparently  small,  was  situated  laterally,  near 
the  anterior  end  of  the  snout.  The  branchial  fissure  was  covered  by 
(probably  two)  conchiform  opercular  bones,  one  (by  far  the  larger), 
&e  principal  opercular  bone,  has  its  umbo  directed  upwards ;  the 
other  and  smaller  one  appears  to  have  its  umbo  pointed  downwards. 
The  Bcapnlar  arch  was  formed  of  a  broad  strong  hiuneinis,  to  which 
were  attached  the  broad  clavicular  plates,  uniting  on  the  throat  in 
Bndi  a  manner  as  to  form  an  angle  with  each  other,  as  is  the  case  in 
many  SiluridoB  and  Laricarina.  The  branchial  arches  were  broad, 
channel-shaped  bones;  the  branchiostegous  rays  rather  short  and 
thin.  The  anterior  part  of  the  trunk  was  higher  than  the  head,  and 
the  general  outline  reminded  one,  especially  by  the  high  and  long 
peripherical  (dorsal)  fin,  of  the  PleuroneciidcB,  The  dorsal  fin,  how- 
ever, commenced  beyond  the  middle  of  the  total  length,  and  extended 
backwards,  lowering  rapidly  towards  the  tail  point,  immediately 
opposite  the  similarly  constructed  anal  fin,  near  to  which  the  rather 
small,  few-rayed  ventrals  were  affixed.  The  numerous  slender 
articulated  rays  of  the  dorsal  fin  were  supported  by  long,  slender, 
hollow  interspinous  bones,  reposing  on  similar  spinous  processes. 
The  pectorals  were  attached  behind  the  '*  shoulder-girdle,''  or 
scapular  arch,  about  mid- way  between  the  dorsal  and  ventral  line, 
and  were  longer  than  broad,  and  many-rayed. 

In  the  vertebral  column  the  osseous  centra  were  altogether  want- 
ing, and  the  notochord  extended  in  a  broad  and  rectilinear  course  to 
the  very  point  of  the  tail ;  superior  and  inferior  narrow  arches  were 
only  pwiiaUy  developed,  and  the  spinous  processes  were  remarkably 
long  and  slaider,  as  in  Ccelacanthi,  forming  hollow  tubes,  as  do  also 
the  nnmerouB  ribs. 

The  whole  trunk  was  covered  to  the  veijedgeof  the  fiiiB\>^EmQU> 


30    Reviews — Deserts  and  LorioFs  Echinologie  Helvitique. 

and  thin  scales  without  enamel,  mostly  of  a  lengthened  rhomboid 
shape,  but  varying  considerably,  being  sometimes  equally  high  as 
long, — sometimes,  especially  towards  the  dorsal  and  ventral  profile, 
couHiderably  longer  than  high,  and  losing  the  rhoniboidal  shape,  and 
produced  into  a  point.  The  greatest  differences  in  size  and  shape 
are  observed  on  the  abdomen,  behind  the  clavicular  plates,  where  the 
crowded  and  delicate  longitudinal  striae  and  furrows  are  replaced  by 
ridges,  radiating  from  an  eccentric  centre,  calling  to  mind  the  cover- 
ing of  the  thorax  in  many  Loricarina,  The  lateral  line  runs  parallel 
to  the  vertebral  column,  and  has  left  beliind  the  impression  of  the 
rather  wide  and  long  tubes,  that  may  be  seen  towards  the  point  of 
the  tail. 

The  description  is  illustrated  by  four  plates.  On  the  affinities  of 
this  interesting  fossil  genus  Prof.  Kner  gives  no  decided  opinion ; 
but  the  writer  cannot  refrain  from  asking,  should  this  not  be  the 
CcBlacanthus  Munsteri  of  Agassi z,  of  which  a  description  was  never 
published,  but  was  stated  by  Prof.  Huxley  to  be  a  peculiar  extinct 
type  allied  to  Phanerophuron  f  In  the  second  part  of  his  paper  (also 
with  four  plates)  Prof.  Kner  dwells  on  the  structure  and  characters 
of  the  Acanihodes  of  Lebach,  adding  to,  and  correcting  in  many  im- 
portant points,  the  contributions  to  our  knowledge  of  this  genus 
given  by  Troschel  and  Roemer.  But  as  an  abstract  of  this  part  of 
the  Memoir  cannot  well  be  made,  I  shall  refer  palasichthyologists  to 
the  original  paper  itself,  and  only  venture  to  insert  here  a  sketch  of 


a  restored  Acanthodes,  based  on  the  restoration  of  Roemer's  and  Ener'a 
corrections,  as  a  sort  of  graphic  summary  of  our  actual  knowledge 
of  the  genus. 


DBE"\riE'VV^S. 


I. — fiCHINOLOGIK  HkLV^IQUB.      DESCRIPTION  DKS  OuBSINS  FoSSILES 

DE  LA  Suisse  par  E.  Desor  et  P.  de  Loriol.     Lv.  I.,  n.,  ITT, 
Tabl.  XIL     Reinwald,  Paris,  and  Kreidel  Wiesbaden,  1868. 

PALEONTOLOGISTS  have  long  been  impressed  with  the  im- 
portance  of  the  study  of  the  Echinodermata  to  the  progress 
of  Geology,  for  the  marked  differences  between  the  forms  of  these 
fossils  found  in  layers  of  different  ages  had  long  attracted  the  notice 
of  observers.  It  is  now  upwards  of  forty  years  since  Goldfnss  gave, 
in  the  Petrefacta  OermanicB,  admirable  figures  and  good  descriptions 
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of  the  species  found  in  Grormany  and  in  the  adjoining  lands,  and  the 
spirit  his  great  work  elicited  was  first  manifested  hy  the  Swiss 
Naturalists,  to  whom  we  are  indebted  for  the  E'chtnodermes  Fossiles 
de  la  Suisse,  by  Agassiz ;  the  Catalogue  raisonni  des  Kchinides,  of 
Agassiz  and  Desor  ;  the  Synopses  des  Nchinides  Fossiles,  of  E.  Desor ; 
the  Synopsis  des  Echinodermes  fossiles  des  Alpes  Suisse,  of  M.  Ooster ; 
and,  lastly,  the  work  now  under  consideration.  Other  countries, 
likewise,  have  contributed  their  Echinological  fauna :  thus  the  fossil 
E'ckinides  of  FraTice,  commenced  by  the  late  M.  A.  d'Orbigny,  in 
the  PaUontologie  Frangaise,  have  been  ably  continued  by  M.  Cotteau ; 
whilst  the  British  Echinodermata  are  described  in  a  series  of  mono- 
graphs in  the  volumes  of  the  Palaeontographical  Society,  by  Dr.  Wright. 
Works  which,  taken  together,  form  an  important  body  of  evidence 
on  the  history  of  the  extinct  species  of  one  class  of  the  Invertebrata. 
All  these  authors  admit  the  great  importance  of  the  critical  study  of 
the  test  of  the  Echinoderm,  which  constitutes  an  internal  portion 
of  the  body  of  the  animal,  participating  in  its  life,  intimately  con- 
nected with  the  organs  of  digestion,  respiration,  and  generation,  as 
well  as  with  vision  and  locomotion,  and  as  a  consequence  having 
many  of  the  distinctive  characters  of  the  organism  indelibly  im- 
pressed on  different  parts  of  the  skeleton. 

Each  great  epoch  of  the  world's  history  has  had  its  own  special 
forms  of  this  class.  The  Silurian,  Devonian,  and  Carboniferous  rocks 
are  rich  in  wondrously  beautiful  forms  of  CrinoidecB,  The  Triassic, 
Jurassic,  and  Cretaceous  formations  are  all  characterised  by  numerous 
extinct  generic  types  of  Echini  dee  ;  whilst  the  Tertiary  stages  possess 
groups  of  the  same  order  that  connect  the  Mesosoic  fauna  with 
existing  species.  The  wonderful  state  of  preservation  in  which 
many  of  these  fossils  are  found,  renders  their  study  one  of  much 
interest,  and  the  teaching  derived  therefrom,  as  regards  the  order  of 
their  history  in  time  and  space,  is  of  the  highest  value,  seeing  that  it 
is  based  on  a  very  perfect  knowledge  of  their  organic  characters.  At 
a  time  when  so  much  is  said  and  written  on  the  Darwinian  hypothesis, 
we  invite  the  special  study  of  Echinoderms  to  the  disciples  of  this 
school,  as  the  delicate  test  of  the  Urchin  has  always  appeared  to  us 
one  of  the  liardest  nuts  the  Darwinian  has  attempted  to  crack.  In  a 
well  written  preface,  MM.  Desor  and  De  Loriol  observe : — 

**  There  is  another  point  of  view,  which  merits  in  the  highest 
degree  the  attention  of  the  palpeontologist,  because  it  presents  quite  a 
special  interest  in  the  group  of  animals  which  occupy  us : — it  is  that  of 
the  part  played  by  the  Echinoderms  in  the  history  of  the  earth,  and 
the  verifying  of  the  progress  which  they  have  made  in  the  course  of 
ages,  and  of  the  modifications  which  they  have  undergone  from  one 
age  to  another.  In  the  Echinoderms,  as  in  the  Molluscs,  the 
development  of  families  is  brought  about  in  a  very  unequal  manner ; 
and  if  on  one  side  we  see  the  family  of  the  Cidaridce,  continuing 
almost  without  variation,  and  remaining  nearly  stationary,  from  the 
Triassic  to  the  present  epoch,  we  find  others,  which  have  developed 
themselves  gradually,  enriched  with  new  genera,  modified  more  or 
less  extensively,  and  often  surprising  us  by  the  variety  and  abundance 
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of  tbe  new  forms  which  they  present  It  is  important,  howeTer, — let 
us  say  it  in  passing, — ^never  to  forget,  in  this  study  of  the  evolution  of 
^rpes,  that  the  consequences  of  an  observed  fact  can  be  only  relative, 
seeing  the  insufficiency  of  researches  and  the  small  extent  of  the 
field  of  observation.  We  can  well  say,  for  example,  that  until  now, 
no  genus  of  the  family  of  the  Spatangidcs  has  made  its  appearanoe 
before  the  Cretaceous  epoch;  but  can  we  know  if  the  attentive 
exploration  of  some  Jurassic  formations  shall  not  at  last  reveal  the 
existence  of  some  precursor  type?  The  frequency  of  similar  dis- 
coveries ought  to  put  the  serious  observer  on  his  guard,  and  warn 
him  that  he  ought  always  to  be  ready  to  modify  his  theories  in  pro- 
portion as  the  exact  observation  of  some  new  fact  comes  to  demon- 
strate to  him  that  they  were  preconceived." 

In  the  Livraisons  before  us  the  authors  have  described  and  figored 
the  Jurassic  OidartdWy  embracing  the  genera  Gdaris^  BabdoddariSf 
PolycidariSy  and  Pseudocidarta.  The  description  of  each  species  is 
dearly  and  accurately  made,  and  their  affinities  and  diffiBrenoes 
succinctly  pointed  out.  The  tables  of  synonyms,  so  important  to  a 
correct  Imowledge  of  fossil  species,  are  compiled  with  great  care  and 
much  discrimination. 

The  plates  are  good,  but  several  of  them  have  not  been  well 
printed,  and  are  woolly  and  indistinct.  The  want  of  a  clear  definition 
in  the  details  of  fossil  Echinidsd  is  a  great  defect  in  figures  to  which 
constant  reference  must  be  made,  as  standards  of  authority  for  the 
characters  of  forms  that  are  often  only  found  in  a  fragmentary 
state.  Perhaps  the  futinre  plates  will  be  free  from  this  defect,  whi<^ 
is  more  the  fault  of  the  printer  than  the  artist. 

The  work  reflects  very  great  credit  on  its  authors,  and  we 
heartily  wish  it  all  the  success  its  scientific  merits  so  justly  entitle 
it  to.  T.  W. 

n. — Slatb  and  Slate  Quabbies,  Geologioallt  and  Commxbgiallt 
CoNsiDEBED.    By  S.  R.  Pattison,  F.G.S.    London,  1869. 

SLATE  is  an  article  alike  interesting  to  the  geologist  and  econo- 
mist, whether  we  regard  with  the  one  its  mode  of  formation, 
or  with  the  other  tbe  various  uses  to  which  it  is  applied.  It  is  an 
essential  adjunct  to  modem  architecture ;  for  although  occasionally 
the  red  or  glazed  tile  may  be  suitable  for  a  certain  style  of  building, 
the  blue  or  green  slate  is  certainly  in  the  ascendant  From  its 
lightness,  imperviousness,  and  comparative  durability,  slate  has  to  a 
great  extent  superseded  the  thatch,  wood,  and  tiles ;  and  even  in  the 
central  counties  of  England,  since  the  iutroduction  of  railways,  it 
has  largely  replaced  the  more  cumbrous  Stonesfield  and  Collyweston 
flags,  which,  from  their  weight,  required  a  stronger  wood  support 
Slates,  however,  were  used  in  the  old  fortresses  of  Wales,  as  well  as 
in  the  castle  of  Angers,  Brittany,  built  in  the  time  of  the  Planta- 
genets,  both  near  the  centre  of  production. 

The  pamphlet  before  us  is  a  reprint  of  a  series  of  papers  con- 
tributed by  Mr.  Pattison  to  the  Mining  Journal  under  the  following 
h^ads :  Composition  and  structure ;  Geology  and  Palasontology  of 
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Hie  Slate  lodlu ;  Slate  enterpriBe  and  trade,  mann&cture  and  sale ; 
each  of  which  is  treated  in  a  concise  and  readable  manner,  and  con- 
tuna  a  -vast  amount  of  interesting  and  practical  information,  which 
we  are  not  aware  has  previoasl j  been  condensed  into  so  small  • 
-compass. 

Slate  consists  principally  of  silica,  alamina,  and  oxide  of  iron,  with 
small  qoantities  of  other  sabstances,  as  lime,  magnesia,  alkalies,  etc., 
■efto. ;  is  about  2^  times  heavier  than  water,  and  was  originally  a  marine 
deposit  of  pure  day  and  sand  derived  from  the  decomposition  of  the 
^Ider  felspar-bearing  rocks,  but  subsequently  altered  by  mechanical 
movements  and  other  agencies,  so  as  to  give  rise  to  a  slaty  cleavage. 
The  origin  of  this  structure  has  long  and  frequently  engaged  the 
attention  of  geolc^ists  and  physicists ;  but  Mr.  Pattison  justly  re- 
marks that  the  Cambridge  philosopher  (Sedgwick)  was  the  first  to 
-define  and  accurately  describe  the  phenomena,  so  as  to  bring  the 
&cto  into  scientific  order  for  practical  use. 

Cleavage  must  not  be  confounded  with  stratification,  as  was  done 
1^  Saussure  and  the  older  observers ;  for  although  sometimes  coin- 
ciding with  it,  the  true  lines  of  bedding  may  be  frequently  observed. 
GeneraUy  speaking,  any  slate  quarry  presents  three  different  kinds 
of  lines,— one  set,  usually  vertical,  termed  joints ;  another  parallel  to 
each  other  or  planes  of  bedding ;  and  a  third  rarely  coincident  with 
either  of  the  other  two  or  the  planes  of  cleavage.  The  mechanical 
theory,  more  or  less  modified,  has  been  adopted  by  Sharpe,  Tyndall, 
Bamsay,  Sorby,  and  Poulctt  Scrope.  The  latter  author  attributes 
slaty  cleavage  to  extreme  pressure,  occasioning  internal  movements 
and  mutual  friction  in  the  particles  of  the  solid  mass,  under  which 
they  became  re-arranged  so  as  to  produce  lamination ;  and  Mr.  Sorby 
observes  that  fine  or  imperfect  cleavage  depends  on  the  original 
materials  being  fine  or  coarse. 

Slate-bearing  rocks  in  this  country  are  confined  to  the  Palsdozoio 
-series,  and  chiefly  to  the  strata  below  the  Coal-measures,  although 
in  the  Alps  slates  are  worked  in  the  Lower  Tertiarics. 

Slaty  cleavage  is  found  in  the  Cambrian  rocks,  in  the  Lower 
Silurian,  in  which  strata  in  Wales  the  proportion  of  cleaved  rock  to 
the  general  mass  appears  to  attain  its  maximum ;  in  the  Upper 
Silurian,  as  at  Llangollen ;  in  the  Devonian,  as  at  Tintagel  and  Dcla- 
bole ;  in  the  Lower  Carboniferous,  as  in  the  south  of  Ireland,  near 
Cornwall,  around  Dartmoor,  and  near  Launceston.  The  so-colled 
Stonesfield  and  CoUyweston  slates  belong  to  the  Oolitic  rocks,  and 
are  only  thin  laminated  calcareous  flagstones,  which  split  after 
exposure  along  the  lines  of  original  deposition.  Cleavage,  in  Britain 
at  least,  is  less  and  less  displayed  as  we  ascend  in  the  Palaeozoic 
rocks,  and  is  of  several  e|K)chs,  for  Prof.  Bamsay  has  shewn  that  the 
strongest  cleavage  is  found  in  the  Cambrian,  Lingula,  and  Tremadoo 
slates,  before  the  deposition  of  the  Upper  Silurian,  and  then  a  second 
and  more  partial  cleavage,  well  marked  around  Llangollen. 

Mr.  Pattison  succinctly  treats  of  the  fossils  of  the  slate  rocks, 
showing  that  while  ihe  rocks  themselves  were  originally  sea-bottoms 
and  beaches,  formed  under  similar  conditions  to  those  at  present^ 
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and  from  which  area  Toloaaic  action  was  not  absent, — ^these  old 
contained  a  varied  fauna,  poor  in  the  Cambrian,  with  its  woim«< 
burrows  and  doubtful  zoophytes,  but  rich  in  the  Lower  and  Upper 
Silurian  strata,  with  their  numerous  invertebrata  (Trilobites,  Giapto* 
lites,  Grinoids,  Brachiopods),  and  the  still  higher  Devonian,  rich  in - 
oorals,  molluscs,  and  fishes. 

The  rough  estimated  value  of  English  and  Welsh  slates  is  about 
£100,000  per  annum,  N.  Wales  yielding  more  than  350,000  tona 
annucdly,  and  giving  employment  to  nearly  10,000  persons, — 60,000 
tons  eitibier  as  slabs  or  slates  being  sent  to  London  cdone. 

Mr.  Pattison's  pamphlet  may  be  fairly  oommended  to  the  geolo^ 
^cal  student  and  general  reader.  J.  M. 


TTT. — Indsx  to  the  Fossil  Ekmains  of  Aves,  Obnithosatjbia,  Ain> 
Ekptilia  fbom  the  Secondasy  System  of  Strata,  abbanged  ih 

THE  WOODWABDIAN  MvSEUM  OF  THE  XJnIVEBSITY  OF  GaMBBIDGX. 

By  Habby  Govieb  Seeley,  r.G.S.  of  St.  John's  College,  Cam- 
bridge. With  a  Prefatory  Notice  by  the  Kev.  Adah  Sedgwick, 
LL.D.,  F.R.S.,  Woodwardian  Professor  and  Senior  Fellow  of 
Trinity  College.     Deighton,  Bell  and  Co.,  Cambridge.     1869. 

THIS  is  the  first  of  a  series  of  guides  for  students,  to  assist  them  in 
making  a  profitable  use  of  the  extensive  collections  accumulated 
nnder  the  auspices  of  the  venerable  Professor  of  Geology.  In  the 
Prefatory  Notice,  the  Professor  commences  by  narrating  how  the 
Beptiles,  Birds,  and  Pterodactyles  came  into  the  possession  of  tbe 
University,  the  number  of  which  is  estimated  in  the  last  report  of  the 
Museum  Syndicate  to  be  about  5150  specimens  from  the  Secondary 
Bocks  alone.  Prof.  Sedgwick  warmly  thanks  those  who  have  by 
their  gifts  enriched  this  department  of  the  Museum.  He  also 
observes  that  those  only  con  comprehend  the  groat  scientific  labour 
bestowed  upon  the  specimens  by  the  author  of  the  Catalogue,  and  the 
Talue  of  his  conclusions,  who  have  themselves  previously  studied  the 
details  of  this  difficult  department  of  Palaeontology. 

The  Index  commences  with  a  Table  of  the  distribution  of  the 
animals  in  the  Secondary  strata,  and  the  groups  which  they  each 
contain.  Then  follows  an  approximate  list  of  the  species  in  the 
Museum,  viz. : — Chalk,  8  species ;  Cambridge  Greensand,  70  species  ; 
Gault,  2;  Wealden,  12  ;  Purbeck,  7;  Potton  Sands,  18;  Portland^ 
1 ;  Kimmeridge  Clay,  10 ;  Coral  Bag,  3 ;  Oxford  Clay,  8 ;  Lower 
Oolites,  4 ;  Lias,  20.  And  of  foreign  reptiles,  15  species  £rom  the 
Trias,  and  9  species  from  the  Solenhofcn  slate. 

A  Table  of  the  groups  of  the  animals  included  in  this  Catalogue 
follows,  arranged  thus: — Omithoaauria,  Avea,  Dtnosauna,  Dicyno^ 
dontia^  Ichthyoaauria,  Crocodilta,  Plesiosaurta,  Ckdonia,  Lacertiliay 
and  Ophidia.  The  Secondary  Strata  of  the  South  of  England  and 
those  of  the  East  of  England  are  given  in  parallel  columns.  Mr. 
Seeley  places  the  Hunstanton  Bed  Bock  a  little  above,  and  the 
Cambridge  Greensand  a  little  below,  the  Upper  Greensand  of  the 
douth  of  England.    We  now  arrive  at  the  detailed  list  of  the  speci*. 
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mens  of  Secondary  Beptiles,  &c.,  contained  in  the  Cambridge 
Museum.  The  arrangement  of  the  specimens  is  intended  for  edaca* 
tional  purposes.  The  Osteological  collection  consists  of  boneSy 
classified  according  to  the  part  of  the  skeleton  to  which  they  belongs 
80  that  the  student  is  able  to  trace  the  gradual  variations  of  similar 
bones  in  different  species.  Each  bone  is  numbered,  so  as  to  be  easily 
replaced  in  its  proper  position  in  the  case.  We  also  observe  that  the 
peculiarities  of  many  of  the  specimens  are  briefly  and  carefully  noted. 
Thus,  among  the  Ichthyoaaurt,  we  have,  *'  Case  10,  shelf  b.  No.  14. 
A  smiall  Atlas  and  Axis,  very  short  from  front  to  back,  and  at  both 
ends  heart-shaped,  with  the  very  long  inferior  sides  convex."  Again, 
among  the  Lias  Eeptiles,  we  find,  *'  Case  87,  shelf  d.  No.  2,  8. 
Cranial  region  of  a  large  and  undescribed  Teleosaur,  from  the  Lias  of 
"Whitby.  It  corresponds  closely  with  the  cerebral  part  of  a  Phsiosaur 
head.  It  has  been  sawn  through  to  show  the  brain  cavity,  in  which 
may  be  distinguished  cerebral  lobes,  optic  lobes,  and  cerebellum ;  also 
olfactoiy  and  optic  nerves.  It  differs  much  from  crocodiles,  and 
makes  some  approach  to  serpents  and  turtles,  and  probably  differs 
but  little  from  tiie  brain  of  a  Flestosaur.  Teleoaaurs  make  so  many 
approximations  to  Plestoaaurs,  as  to  show  that  they  form  a  group  of 
crocodiles  of  equal  value  with  the  crocodiles  now  living." 

Some  of  the  more  remarkable  animals  recorded  in  this  catalogue 
are  the  following : — Among  the  reptiles  from  the  Purbeck  strata  we 
find  four  new  species  of  Fleurosiemon,  and  from  the  same  strata  a 
new  species  of  a  large  Pterodactyle,  P.macrurua  (Seeley),  represented 
by  a  fragment  of  the  lower  jaw,  12J  inches  long,  and,  where 
fractured  behind,  tho  rami  measure  2J  inches  from  side  to  side; 
and  a  caudal  vertebra  of  the  same  species,  5  inches  long.  From  tho 
Elimmeridge  Clay,  wo  have  a  terrestrial  reptile,  Gigantosanrus 
megalonyx,  indicated  by  a  centrum  of  a  cervical  vertebra,  8^  inches 
wide  and  deep,  and  4^  inches  from  back  to  front,  and  also  by  a 
caudal  vertebra  6  inches  long,  3|  inches  high,  and  4  inches  wide  ; 
lind  by  two  casts  of  a  claw-phalange.  The  list  of  specimens  from  the 
Cambridge  Coprolite  bed  occupies  about  half  the  book.  The  Omitho* 
sauria  are  referred  to  a  new  genus,  Omithocheirus,  and  the  twenty- 
four  species  are  said  to  be  chiefly  founded  on  the  characters  of  the 
upper  jaw.  The  bones  are  briefly  enumerated.  There  is  a  list  of 
numerous  fragments  of  Aves,  referred  to  a  new  genus,  Enaliomis. 
The  Dinoaauria  are  referred  to  the  genus  AcanthoplioUs  (Huxley), 
besides  which  there  are  the  remains  of  the  remarkable  animal,  the 
Jilacrurosaurw,  of  which  only  caudal  vertebra  have  yet  been  obtained. 
The  Ichthyosaurta,  according  to  Mr.  Seeley' s  views,  afford  evidence 
of  the  existence  of  at  least  four  distinct  species  of  Ichthyosaurus, 
besides  /.  campylodon  (Carter).  These  new  species  have  been 
founded  on  the  characters  of  their  humeri  and  femora.  The  Cro» 
codilia  are  represented  by  Crocodilus  Cantabrigiensis  (Seeley).  The 
Flesioaauria  consist  of  twelve  species  oi  Flesioaaurua,  of  which  seven 
fipecies  are  new.  Of  one  species  of  Folyptychodon,  and  three  species 
of  a  new  genus,  Stereosaurus,  in  which  "the  limb  bones  develop 
neither  heads  nor  trochanters"  (p.  18).    Tho  Chelonia  contain  one 
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fipeoies  of  Emys,  one  species  of  Testudo,  one  species  of  a  new  genns, 
TrachydermochelySt  a  new  Emydian  g^nus,  which  had  an  exterior 
pustulous  ornamentation  not  imlike  Trionyx,  and  was  covered  with. 
scutes.    The  remaining  sixteen  species  of  Chdonia  belong  to  a  new 

fpnus,  Bhtnochelya,  having  for  its  type  Chdone  ptdchrie^  (Owen), 
t  is  Emydian  in  its  affinities,  and  well  characterised  bj  navint^  the 
nasal  and  pre-frontal  bones  distinct ;  by  the  posterior  naies  being 
formed  by  the  maxillary  and  palatine  bones,  and  divided  by  the 
whole  length  of  the  vomer,  which  extends  on  the  palate  between  the 
palatine  and  premaxillary  bones ;  and  by  the  temporal  region  beinff 
covered  by  an  arrangement  of  bones  like  that  in  Chdone,  The  totd 
number  of  species  of  all  these  groups  obtained  from  the  Cambridgo 
Greensand  is  seventy.  In  concluding  this  brief  notice  of  Mr* 
Seeley's  Index,  we  must  express  our  satisfaction  at  the  dear  manner 
in  which  the  descriptions  of  the  bones  are  given,  so  that  the  student 
will  find  very  little  difficulty  in  making  use  of  it,  when  he  compares 
the  specimens  arranged  in  the  Museum  with  any  bones  whidi  he 
himself  may  chance  to  obtain.  We  hope  that  it  may  be  soon  followed 
by  the  illustrated  descriptions  of  the  new  genera  and  species  referred 
to  in  this  work,  until  the  appearance  of  which  it  would  be  premature 
to  pronounce  judgment  on  the  many  new  forms  here  annoonoed  by 
the  author,  for  the  first  time  by  name  only. 


Oboloqigal  Society  op  London. — I.  November  24th,  1869. — ^The 
following  communications  were  read  :—  1.  "  On  the  Dinosauria  of 
the  Trias,  with  observations  on  the  Classification  of  the  Dinosauria.'* 
By  Prof.  Huxley,  LL.D.,  r.R.S.,  President. 

The  author  commenced  by  referring  to  the  bibliographical  history 
of  the  Dinosauria,  which  were  first  recognized  as  a  distmct  group  by 
Hermann  von  Meyer  in  1830.  He  then  indicated  the  generfd 
characters  of  the  group,  which  he  proposed  to  divide  into  three 
families,  viz. . — 

L  The  Megalosauridsd,  with  the  genera  Teratosaurus,  Pakeoaaurus, 
Megalo8auru8,  Poikilopleurony  Lalapa,  and  probably  Euskdosaurus  ; 

U.  The  Scelidosanrida;,  with  the  genera  ThecodorUoaaurua  HyUt- 
oaaurua,  Pholacanthus,  and  Acanthopholia  ;  and 

III.  The  Iguanodontid83,  with  the  genera  Ceiioaawrvs,  Iguanodan, 
Hypsilophodon,  Hadroaaurus,  and  probably  Stenopdya. 

Compsognathua  was  said  to  have  many  points  of  affinity  with  the 
Dinosauria,  especially  in  the  ornithic  character  of  its  hind  limbs,  but 
at  the  same  time  to  differ  from  them  in  several  important  particulars. 
Hence  the  author  proposed  to  regard  Compaognathua  as  the  represen- 
tative of  a  group  (Compsognatha)  equivalent  to  the  true  Dinosauria^ 
and  forming,  with  them,  an  order  to  which  he  gave  the  name  of 
Omithoscelida. 

The  author  then  treated  of  the  relations  of  the  Omithoscelida  to 
other  Keptiles.  He  indicated  certain  peculiarities  in  the  structure  of 
the  vertebrsa  which  serve  to  characterize  four  great  groups  of  Beptiles, 
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a&d  showed  that  bis  Omitboscelida  belong  to  a  group  in  wbicb,  as  iii 
existing  CrooodileSy  the  thoracic  vertebraa  have  distinct  capitular  and 
taberonlar  processes  roringing  from  the  arch  of  the  vertebra.  This 
grom  was  said  to  inolade  also  the  Crocodilia,  the  Anomodontm,  and 
the  Fterosauria,  to  the  second  of  which  the  author  was  inclined  to 
approximate  the  Omitboscelida.  As  a  near  ally  of  these  reptiles,  the 
author  cited  the  Permian  Taraaawnis,  the  structure  of  which  he  dis- 
cussed, and  stated  that  it  seemed  to  bo  a  terrestrial  reptile,  leading 
back  to  some  older  and  less  specialized  reptilian  form. 

With  regard  to  the  relation  of  the  Omitboscelida  to  birds,  the 
anthor  stated  that  he  knew  of  no  character  by  which  the  structure  of 
birds  as  a  class  differs  from  that  of  reptiles  which  is  not  foreshadowed 
in  the  Omitboscelida,  and  he  briefly  discussed  the  question  of  the 
Telationship  of  Pterodiactyles  to  birds.  He  did  not  consider  that  the 
majority  of  the  Dinosauria  stood  so  habitually  upon  their  hind  feet 
as  to  account  for  the  resemblance  of  the  hind  limbs  to  those  of  birds, 
by  simple  similarity  of  function. 

The  author  then  proceeded  to  notice  the  Dinosauria  of  the  Trias, 
commencing  with  an  historical  account  of  our  knowledge  of  the 
occurrence  of  such  reptilian  forms  in  beds  of  that  age.  He  identified 
the  following  Triassic  reptilian  forms  as  belonging  to  the  Dinosauria ; 
— Teraiosauras,  Platceosaurus,  and  Zanclodon  from  the  German  Trias ; 
Thecodontosaurus  and  Palaosaurus  from  the  Bristol  conglomerate  (the 
second  of  these  genera  ho  restricted  to  P.  cylindrodon  of  Kiley  and 
Stutchbury,  their  P.  platyodon  being  referred  to  Thecodontosaurus) ; 
Cladyodon  from  Warwickshire  ;  Deuterosaurus  from  the  Ural ;  Anhis- 
trodon  from  Central  India;  Clepsysaurua  and  Bathygnathus  from 
North  America ;  and  probably  the  South  African  Pristerosaurus. 

Discussion. — Sir  Eoderick  Murchison,  who  bad  taken  the  chair,  inquired  as  to 
the  lowest  formation  in  which  the  bird-like  character  of  Dinosaurians  was  apparent, 
and  was  informed  that  it  was  to  be  recognized  as  low  as  the  Trias,  if  not  lower. 

Mr.  Seeley  insisted  on  the  necessity  for  defining  the  common  plan  both  of  the 
Beptilia  and  of  the  ordinal  groups  before  they  could  be  treated  ot  in  classification. 
He  had  come  to  somewhat  different  conclusions  as  to  the  grouping  and  classification 
of  Saorians  from  those  adopted  by  the  President.  This  would  be  evident,  in  so  far  as 
concerned  Pterodactyles,  from  a  work  on  Omithosauria  which  he  had  just  completed^ 
and  wbicb  would  be  published  in  a  few  days. 

Mr.  Etheridge  stated  that  the  dolomitic  conglomerate, -in  whicb  the  Thecodont 
remains  occurred  near  Bristol,  was  distinctly  at  the  base  of  the  Keuper  of  the  Bristol 
area,  being  beneath  the  sandstones  and  marls  which  underlie  the  Rhrotio  series. 
There  were  no  Permian  beds  in  the  area.  He  regarded  the  conglomerates  as  probably 
•qniralent  to  the  Muschelkalk.  It  was  only  at  one  point  near  Clifton  that  the 
tiiecodont  remains  had  been  found. 

Prof.  Huxley  was  pleased  t^)  find  that  there  was  such  a  diversity  of  opinion  between 
Mr.  Seeley  and  himself,  as  it  was  by  discussion  of  opposite  views  that  the  truth  was  to 
be  attained.    He  accepted  Mr.  Ethcridge's  statement  as  to  the  age  of  the  Bristol  beds. 

2.  "The  Physical  Geography  of  Western  Europe  during  the 
Mesozoic  and  Cainozoic  periods,  elucidated  by  their  Coral-faimas." 
By  P.  Martin  Duncan,  M.B.  Lond.,  F.R.S.,  Secretary. 

The  author  commenced  with  a  notice  of  the  typical  species  of  the 
coral-fauna  of  the  deep  seas  which  bound  continents  remote  from 
coral-reefs,  and  then  made  some  remarks  upon  the  littoral  corals. 
The  peculiarities  of  reef,  lagoon,  and  shallow-water  species  were  then 
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explained,  with  the  relations  of  the  two  faunas  to  one  another.  The 
author  then  referred  to  certain  exceptional  species,  indicated  the 
genera,  the  species  of  which  constitute  the  existing  reefs,  and  oon* 
trihuted  to  form  those  of  the  past,  and  noticed  the  r^resentatives  of 
some  modem  genera  in  old  reefs.  He  pointed  out  that  a  oorreapon- 
dency  of  physical  conditions  during  the  deposition  of  certain  strata 
was  indicated  by  their  containing  analogous  forms, — ^the  presence  of 
compound  coenenchymal  species  indicating  neighbouring  reefs,  and 
their  absence  in  places  where  simple  or  non-coenenchymal  Madre* 
poraria  are  found  being  characteristio  of  deep-sea  areas  remote  fix>in 
the  Coral  seas.  By  applying  the  principles  thus  elaborated  to  the 
evidence  as  to  the  condition  of  the  seas  of  the  European  area  fix>in 
the  Triassic  period  to  the  present  time,  the  author  showed  what 
must  probably  have  been  the  physical  condition  of  this  part  of  the 

world  at  different  periods. 

DxscusBioN. — Prof.  Alexander  Agamz  accounted  for  the  circamacribed  area  of 
many  corals  in  the  Atlantic,  from  the  young  of  manycoral  species  attaching  themselTei 
within  a  few  hours  of  their  becomio^  pelagic.  He  traced  to  the  great  equatorial 
current,  which  must  have  traversed  the  Istnmus  of  Panama  and  Sihara  in  a  pr^ 
cretaceous  period,  the  distribution  of  certain  forms,  which  the  rising  of  the  lathniiis 
of  Panama  eventually  checked..  He  thought  that  the  limits  of  the  depth  at  whioh. 
true  reef-building  corals  existed  would  m  considerably  extended  in  consequence 
of  recent  discovenes  by  means  of  dredging.  He  mentioned  the  formation  of  a  reef 
at  the  present  time  off  the  coast  of  Florida,  which  threw  light  on  the  manner  in 
which  mudflats  were  formed  and  the  sea  eventually  filled. 

Mr.  J.  Gwyn  Jeffreys  ob|ectcd  to  the  term  deep  sea  being  applied  to  a  depth  of 
10  fathoms  only,  when  the  tide  in  some  places  rose  to  that  extent,  and  the  laminarian 
zone  extended  to  15.  He  suggested  60  fathoms  as  a  more  appropriate  measure.  He 
remarked  on  the  great  vertical  range  of  some  simple  species  of  corals,  such  ■■ 
Caryophyllia^  amounting  to  at  least  150  fathoms  from  low-water  mark.  In  deq>-aea 
water  it  freouentlj  was  attached  to  various  shells,  such  as  Ditrupa  and  Aporrkaiu 
The  only  otncr  simple  coral  of  our  seas  was  never  found  at  a  depth  of  less  than  75 
fathoms.    The  compound  corals  occurred  only  at  great  depths. 

Dr.  Duncan  drew  a  distinction  between  coral-reef  areas  and  those  in  which 
different  conditions  prevailed.  His  argument  had  not  so  much  been  based  on  the 
depth  of  the  sea  as  on  the  presence  or  otherwise  of  coral-reefs.  The  term  deep  sea  had 
been  given  by  Prof.  Forbes  to  depths  of  10  fathoms  and  upwards.  For  such  depths 
81  those  explored  at  the  present  oay  no  term  short  of  **  abyssal"  was  appropriate. 

The  President  called  the  attention  of  the  Fellows  of  the  Society  to 
a  proposed  memorial  to  the  late  Baron  Alexander  von  Humboldt,  and 
another  to  the  late  Prof.  J.  B.  Jukes,  in  aid  of  which  contributions 
were  desired,  and  recommended  these  memorials  to  the  favourable 
consideration  of  the  Fellows. 

II. — December  8th,  1869. — ^The  following  communications  were 
read : — 1.  "  Notes  on  the  Brachiopoda  hitherto  obtained  from  the 
Pebble-bed  at  Budleigh  Salterton,  near  Exmouth,  in  Devonshire.'* 
By  Thomas  Davidson,  Esq.,  F.R.S.,  F.G.S.,  &c 

The  author  first  described  the  general  characters,  and  discussed 
the  opinions  that  have  been  put  forward  as  to  the  origin,  of  the 
pebbles  forming  this  bed.  Nearly  40  species  of  Brachiopoda  have 
been  obtained  from  them.  The  fossils  contained  in  the  pebbles  have 
been  regarded  as  of  Lower  Silurian  age ;  the  author  considered  the 
^at  majority  of  the  Brachiopoda  to  be  Devonian.  The  species 
identified  widi  Silurian  fossils  are: — Lingula  Le9iieuri  (Bouault), 
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.  Xb  BtHMittUi  (Salter),  and  JL  Hawkei  (Bonanlt).  The  species  regarded 
by  the  author  as  undoubtedly  Devonian  (t.  e.  either  previously 
described  from  Devonian  deposits  or  associated  with  such  species  in 
the  same  pebble)  are  twelve  in  nimiber,  namely : — Spirifer  VemeuHU 
(Murch),  8.  macroptera  (Gtoldf.),  Athyria  Budleighensis  (sp.  n.),  Atrypfk 
(reticularis  f),  BhynchoneUa  inaurita  (Sandb.)»  B,  elliptica  (Schnurr), 
IL  Vtearyi  (sp.  n.),  and  two  undetermined  species  of  BhynchoneHOf 
Sirepiorkynehus  crenisiria  (PhiL),  Productm  Vicaryi  (Salt),  and  an 
nndetenmned  Chonetes.  Eight  species  occurring  in  the  same  rock, 
three  of  which  have  been  doubtfully  identified,  are  considered  by  tiie 
author  to  be  probably  Devonian.  The  species  supposed  to  be  deter- 
mined are : — Orthia  redux  (Barr.)  and  0.  Berthosi  (Kouanlt),  Silurian ; 
and  Spirifer  oeioplicaius  (Sow.),  Devonian  and  Carboniferous,  but 
possibly  identical  with  the  Silurian  S,  eleoatm$  (Dalm.).  The  others 
are  two  new  species  of  Orihia,  and  a  new  Bhynchonella  (?),  and  an 
undetermined  species  of  Terehratuda  (?)  and  Strophomena  (?).  Finally 
the  author  noticed  fourteen  species  (all  new,  except  Orthis  ptdvinata. 
Salt)  only  known  from  these  pebbles,  but  which  were  stated  to 
possess  a  Devonian  facics. 

BacmBiox. — Mr.  Etheridge  agreed  with  Mr.  Davidson  as  to  his  determination  of 
Ihe  speeia.  He  had,  however,  examined  the  extensive  collection  of  Mr.  Vicary,  and, 
from  their  ^neral  faeietf  he  was  inclined  to  assign  them  to  the  Middle  Devonian 
and  Carboniferous  beds.  The  attribution  of  the  fossils  to  Upper  Llandovery  beds 
waa  founded  on  the  presence  of  Lingula  erumena  ;  but  he  thougnt  he  could  give  some 
dne  to  the  locality  from  which  the  pebbles  had  been  derived.  It  had  first,  from  the 
Hthological  character  of  the  pebbles  as  well  as  from  the  fossils,  been  thought  that 
ihe^  were  of  Lower  Caradoc  age.  lie  himself  assigned  the  position  of  the  rocks  from 
which  the  pebbles  had  been  derived  to  tlie  Hangman  group  of  North  Devon.  At 
Anstey  Cove  Mr.  Tawney  had  found  a  scries  of  the  same  class  of  fossils  in  a  matrix 
exactly  like  that  of  the  pebbles.  He  had  examined  the  spot,  and  there  recognised  an 
extension  of  the  sandstones  of  North  Devon  (the  Hangman  Grits)  on  the  South  coait^ 
and  certainly,  so  far  as  lithological  character  is  concerned,  the  rocks  are  the  same  as 
the  pebbles.  It  did  not,  however,  follow  that  the  pebbles  came  from  that  particular 
district,  but  probably  from  the  denudation  of  the  large  tract  of  country  of 
Devonian  age  to  the  North.  There  are,  however,  Silurian  species  in  the  pebbles,  and 
these  he  would  refer  to  the  denudation  of  rocks  in  an  area  mainly  to  the  South 
of  what  11  now  the  Devon  coast.  The  fauna  at  Budleigh  Salterton  is  essentially 
British  and  not  French,  though  some  few  species  are  common  to  both  areas.  Tho 
Irivalves,  indeed,  were  hardly  known  in  France.  On  the  whole,  he  concluded  that  the 
ibmlfl  in  the  pebbles  were  Devonian,  with  a  slight  admixture  of  Silurian  and  probably 
Carboniferous  forms,  derived  from  rocks  at  no  great  distance  from  the  spot  where  tfaie 
pebbles  are  found. 

Prof.  Ramsay  pointed  out  that  in  conglomerates  it  might  be  expected  to  find 
pebbles  of  rocks  of  various  ages.  He  commented  on  the  difiiculty  palieontologists 
seemed  to  labour  under  in  determining  a  fossil  if  it  came  out  of  a  pebble  instead 
of  from  a  rock,  the  position  of  which  was  definitely  known.  He  adverted  to  the 
.statement  that  the  beds  containing  the  pebbles  had  been  deposited  in  the  New  Red 
Sandstone  sea,  whereas  Mr.  Godwin-Austen  had  regarded  the  New  Red  deposits  as 
formed  in  large  inland  lakes ;  and  the  local  character  of  the  beds  supported  this  latter 
Tiew. 

Mr.  Prestwich  was  glad  that  some  other  source  had  been  suggested  for  the 
onsrtzite  pebbles.  He  had  found  somewhat  similar  quartzitcs  between  Lisieux  and 
■Cl^erboarg,  in  France. 

The  President  observed  that  he  would  like  to  sec  the  rise  of  a  new  race  of  palaeon* 
iologists,  relying  simply  on  zoological  characteristics,  and  not  on  ecological  positioiu 
lA  erasiderabie  reduction  in  the  number  of  species  would  tindoubtealy  rmlt. 

Mr.  Etheridge  briefiy  replied. 
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2.  ''  On  the  relation  of  the  Boulder-clay  without  Chalk,  of  Uie 
North  of  England,  to  the  Great  Chalky  Boulder-clay  of  the  Sonth."^ 
By  Searles  V.  Wood,  jun.,  Esq.,  F.G.S. 

The  author  descrihed  the  Yorkshire  Glacial  clays  as  of  two  kinds^ 
the  lower,  containing  chalk  dihrisj  and  belonging  to  the  uppermost 
member  of  the  Glacial  series  in  Eastern  and  East-central  England ; 
the  upper  containing  chalk  sparingly  in  its  lower  part,  and  gradoally 
losing  this  upwards.  On  the  coast  the  latter  occurs  only  north  of 
Flambro'.  He  stated  that,  Palseontologically,  the  lower  and  middle 
Glacial  deposits  closely  agree  with  the  Crag,  and  are  quite  distinct 
from  the  deposit  at  Bridlington,  which  he  placed  immediately  aboTO 
the  "Great  Chalky  Clay." 

The  absence  of  chalk  dihris  in  iho  deposit  north  of  Flambro'  haS' 
been  regarded  as  evidence  of  a  drift  from  north  to  south ;  but  the 
author  stated  that  the  purple  clay  without  chalk  extends  over  much 
of  the  north-eastern  part  of  the  Wolds,  from  the  sea-level  to  an 
elevation  of  450  feet,  and  that  outlines  of  it  occur  at  intervals  along 
the  Holdemcss  coast-section  as  far  as  Dimlington,  42  miles  south  of 
the  northern  limit  of  the  Wolds.  In  the  direction  of  Flambro'  and 
York  the  clay  was  said  to  be  destitute  of  chalk,  which  would  not  be 
the  case  had  the  Wolds  formed  a  sea-shore,  causing  a  drift  from  the 
north  to  pass  either  to  south-east  or  south-west. 

The  author  described  the  characters  of  the  Great  Chalky  Boulder- 
olay  in  the  Eastern  and  Central  counties  of  England,  and  maintained 
that  the  chalk  found  in  it  (equal,  according  to  him,  to  a  layer  of  at 
least  200  feet  over  the  entire  Wold)  could  only  have  been  detached 
by  the  agency  of  moving  ice,  which  he  believed  to  have  covered 
nearly  the  whole  Wold  for  a  long  period. 

The  author  stated  that  Boulders  of  Shap  Fell  granite  are  confined 
to  the  deposit  of  clay  without  chalk,  and  discussed  the  means  by 
which  they  could  have  been  distributed.  He  ascribed  their  dispersion 
to  the  agency  of  floating  ice  during  an  adequate  submergence  of  the 
district.  He  supposed  them  to  have  passed  from  Shap  Fell  by  what 
is  now  the  pass  of  Stainmoor. 

Thus  he  ascribed  the  formation  of  the  "  Great  Chalky  Clay"  to 
the  extrusion  from  the  sea-foot  of  a  great  sheet  of  ice,  of  materials 
abraded  by  the  latter,  the  land  being  depressed  600-700  feet  below 
its  present  level;  and  that  of  the  clay  without  chalk,  and  with 
Boulders  of  Shap  Fell  granite,  to  deposition  during  a  period  of  much 
greater  depression  (about  1,500  feet),  throughout  which  the  sea  bore 
much  floating  ice.  He  considered  that  the  *'  Great  Chalky  Clay'* 
indicated  a  long  period,  during  which  the  land,  with  its  enveloping 
ice,  remained  stationary,  and  that  during  this  period,  when  intense 
cold  prevailed,  the  Arctic  fauna  of  Bridlington  became  established. 
He  thought  that  the  recommencement  of  subsidence  was  indicated 
by  the  reddish-brown  or  brownish-purple  sediments  of  Holdemess, 
in  which  some  chalk  occurs.  He  then  indicated  the  species  of 
Uollusca  which  have  occurred  in  the  purple  clay  without  chalk 
about  Scarbro'  and  Whitby,  all  of  which  were  said  to  belong  to 
existing  forms,  and  thus  to  be  in  accordance  with  the  date  assigned 


Edinburgh  Oeologieal  Society.  41 

by  him  to  that  deposit  The  Mollnscan  fauna  of  Moel  Trjfaen  was 
lefened  to  by  the  author,  who  stated  that  he  regarded  it  as  belonging^ 
to  the  period  of  emergence  from  the  deepest  depression  during  which 
the  day  without  chalk  was  assumed  to  have  been  deposited,  t.  e,,  to 
the  earliest  part  of  the  Post-glacial  period,  to  which  the  stratified 
drifts  of  Scotland  are  referred  by  Mr.  A.  Geikie. 

Bucussioir.— Mr.  Owyn  Jeffreys  had  found  the  shells  of  Eelsea  and  elsewhere  ia 
Torkabire  to  be  mainly  Arctic,  and  Mr.  Prestwich,  in  his  paper  on  the  Boulder-da j 
Bear  Hull,  had  first  pointed  out  their  glacial  character.  In  the  late  dredgings  in 
H.M.S.  *  POfcupine,'  sereral  of  the  species  before  known  as  fossil  at  Bridlington,  bat 
Bot  ai  ezifting  in  the  British  seas,  hiul  been  discoyered.  In  fact  he  belicTed  that  the 
BridUnffton  species,  with  hut  few  exceptions,  had  now  been  found  in  the  British 
seaa.    Similar  species  had  also  been  found  in  the  Boulder-clay  in  Scotland. 

Ptot  Bamsay  was  pleased  to  find  the  author's  riews  so  closelv  corr^pond  with  hi» 
own,  published  some  years  ago,  aa  to  the  elacial  phenomena  of  North  Wales,  thourii 
baaed  on  another  part  of  the  country,  fi  e  thought  that  shells  might  be  found  by 
careful  search  in  the  low-lyins  Bonlaer-clay  in  other  places  than  those  enumerated,  aa 
tiiey  had  been  disoorered  in  the  western  part  of  England. 

"Mr,  Prestwich,  thouf  h  inclined  to  accept  the  divisions  of  the  Boulder>clay  in 
Torkahire,  as  suggested  by  the  author,  was  not  so  clear  as  to  his  divisions  in  the  south. 
He  thought  the  presence  of  chalk  in  the  clay  might  be  traced  to  the  contiguity  of  the 
ontcrop  m  the  chalk  stratum.  The  shells  being  to  a  very  great  extent  recent,  the 
Ronping  might  be  due  to  accidental  or  local  circumstances.  The  Chillesford  cUyi, 
&  his  opinion,  mark  the  commencement  of  the  great  glacial  period. 

Mr.  Etherid^  suggested  that  Nueula  CobboldicB,  Oardita  senilUf  and  some  other 
■bells  not  found  in  the  British  seas,  proved  the  arctic  character  of  the  Bridlington  fauna. 

Sir  Charles  Lyell  remarked  that  if  the  fauna  of  the  Lower  and  Middle  Glacial 
really  corr^ponaed  so  closely  with  that  of  the  Crag,  it  afforded  a  strong  argument 
against  their  being  of  the  same  age  as  the  Bridlington  beds.  Perhaps,  eventually^, 
iome  palseontoloeical  connexion  might  be  traced  throughout  the  series,  and  a  chrono- 
kgical  scale  established. 

The  President  suggested  a  difficulty  in  the  marine  transport  of  ice  from  Shap 
Pell  to  Bridlington,  not  only  from  the  wind  blowing  rarely  in  the  necessary  direction, 
but  from  the  current  caused  by  the  great  submerged  ridge  also  tending  to  carry  any 
bergs  in  another  direction.    He  thought  the  transport  by  sheet  ice  more  probable. 

llie  Rev.  J.  L.  Bome  had  traced  the  Shap  granites  over  the  valley  of  the  Eden, 
across  Stainmoor  to  the  Yorkshire  side.  There  might  have  been  difficulties  in  their  trans- 
iwrt,  but  there  they  are.  Though  they  were  found  in  Teesdale,  yet  the  intervening 
ridge  of  Millstone-grit,  2000  feet,  haa  prevented  them  finding  their  way  into  Swale 
Dale. 

Mr.  Searles  V.  Wood,  jun.,  stated  that  he  had  relied  on  Mr.  Gwyn  Jeffreys'  work 
for  his  clarification  of  the  shells  as  being  Arctic  or  otherwise.  He  regarded  the 
succession  of  the  varioos  members  of  the  Glacial  series  of  the  Eastern  side  of  England 
as  well  founded,  and  bome  out  also  by  the  molluscan  remains.  He  utterly  repudiated 
the  notion  that  the  Chillesford,  Bridlington,  and  Eelsea  Hill  beds  were  on  the  same 
horison.  He  believed  nearly  the  whole  of  the  Scotch  beds  to  be  newer  than  those  of 
the  Middle  and  Lower  Glacial.  He  quoted  Prof.  Phillips  as  suggesting  a  change  in 
the  relative  elevations  around  Shap  Fell  since  the  dispersion  of  the  boulders,  and 
offered  as  his  own  explanation  of  the  hypothesis  that  the  passes  by  which  the  boulders 
travelled  were  those  which,  though  at  the  higher  levels,  were  the  soonest  freed  from 
ice.  He  thought  that  the  direction  of  the  current  was  influenced  by  other  causes 
than  the  general  trend  of  the  rocky  dividing  ridge. 

Edinbubgh  Geological  Society. — Annivebsary  Address  by 
THE  President,  Archibald  Geikie,  F.K.S. — At  the  Thiity-sixth 
Anniversary  Meeting  of  the  Society,  the  President,  Mr.  Geikie, 
delivered  the  opening  address.  After  congratulating  the  Society  on 
its  recent  progress,  he  passed  on  to  notice  three  special  branches  of 
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inquiry,  wherein  much  useful  work  remained  to  be  aooompliahed. 
The  first  of  these  related  to  the  study  of  organio  remains,  which,  in 
the  opinion  of  the  speaker,  was  too  much  dissociated  from  that  of 
the  strata  in  which  they  are  preserved.  He  thought  that  the  palao- 
ontology  of  each  geological  formation  should  be,  as  far  as  possible, 
the  natural  history  of  a  certain  period  of  the  past  life  of  the  globe. 
We  should  try  to  discover  from  the  fossil  remains  more  of  the 
general  character  of  the  contemporaneous  fauna  and  flora;  the 
nature  of  the  sea-bottom  or  laud-surface  on  which  they  flourished ; 
their  various  modes  of  growth ;  their  distribution  in  space  as  well 
as  in  time ;  the  light  which  they  cast  upon  changes  in  the  inoiganic 
world,  and  the  influence  of  these  changes  upon  them ;  the  causes  of 
their  decay  as  individuals  and  as  species,  and  the  circumstances 
nnder  which  they  had  been  finally  entombed.  Mr.  Geikie  illustrated 
this  subject  from  the  rocks  of  the  central  valley  of  Scotland.  He 
then  passed  on  to  the  second  topic,  which  related  to  the  mineral 
4structure  of  rocks,  or  petrography.  That  branch  of  the  science  had 
fallen  into  strange  neglect  in  this  country.  After  indicating  what 
had  been  done,  and  what  was  now  doing  in  Grermany,  in  that  de- 
partment, he  pointed  out  the  special  way  in  which  it  lay  open  to 
observers  in  Scotland,  and  pressed  upon  the  Society  the  desirability 
<if  cultivating  it  The  third  branch  of  his  addrass  bore  on  liie 
balance  of  the  various  forces  which  have  been  instrumental  in 
modifying  the  surface  of  the  earth.  Observers  in  Britain,  he  said, 
enjoyed  special  advantages  when  they  set  themselves  to  investigate 
this  question.  The  completeness  of  their  geological  series,  the 
diversities  of  configuration  in  their  country,  the  extent  of  their 
coast  line,  the  multiplicity  and  variety  of  their  brooks  and  rivers, 
all  conspired  to  aid  them.  On  the  other  hand,  they  were  apt,  from 
this  very  completeness  of  their  opportunities,  to  take  a  local  and 
limited  view  of  the  phenomena.  This,  he  thought,  had  really 
happened  in  the  case  of  their  estimate  of  the  potency  of  the  sea  as 
a  geological  agent.  Their  position  as  islanders  had  led  them  to 
take  an  exaggerated  view  of  the  results  attributable  to  the  waves  in 
the  general  economy  of  nature,  and  to  undervalue  the  power  of 
rains,  springs,  frosts,  and  rivers,  which  in  this  country  do  not 
produce  the  changes  which  they  effect  elsewhere.  He  pointed  out 
how  vast  was  the  extent  of  coast-line  where  the  sea  did  not  reach 
the  solid  framework  of  the  land,  but  was  barred  back  by  long  lines 
of  alluvial  deposit — the  waste  of  the  land  brought  down  by  the 
streams.  The  sea  in  these  instances,  although  perpetually  wasting 
the  sandbars,  did  not  perceptibly  encroach  on  the  land,  for  the  bars 
were  constantly  being  renewed  from  behind.  The  land,  though  not 
diminishing  in  breadth,  was  inch  by  inch  sinking  in  height,  the 

Sower  of  the  sea  being  no  more  than  equal  to  sweeping  away  the 
etritus  brought  down  to  the  coast  by  the  drainage  from  the  interior. 
Although  seemingly  paradoxical,  he  yet  believed  that,  in  the  general 
balance  of  forces,  the  influence  of  the  ocean  is  more  conservative 
than  destructive,  there  being  a  greater  area  of  rock  under  the  sea, 
and  preserved  there  from  that  nniversal  corrosion  and  removal 
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which  befalla  every  part  of  the  earth's  cmst  that  rises  above  the 
"waves.    The  condadiDg  portion  of  the  address  was  as  follows  : — 

Science  and  Beligion, — In  conclusion,  there  is  still  a  subject  upon 
which  I  feel  impelled,  though  not  without  reluctance,  to  allude  on 
this  occasion.  I  mean  the  relation  at  present  subsisting  between 
adenoe,  especially  our  branch  of  science,  and  religion.  It  is  a 
difficult  and  delicate  topic,  which  it  seems  hardly  possible  for  any 
cue  to  handle  without  the  certainty  of  being  either  misunderstood  or 
misrepresented.  Let  me  state  at  the  outset  that  I  have  no  contro* 
versial  aim.  I  do  not  wish  to  enter  into  any  argument,  but  rather 
to  define  what  it  seems  to  me  is  the  position  to  be  taken  and  main- 
tained by  such  a  society  as  ours.  It  is  sadly  unfortunate  that  so 
ahaip  a  line  of  demarcation  should  have  been  drawn  between  religion 
on  toe  one  hand  and  science  on  the  other.  This  seems  to  me,  indeed, 
to  be  only  another  illustration  of  that  exclusiveness  which  has  marked 
the  history  of  religious  belief.  Beligion  has  been  separated  from  the 
other  concerns  of  man,  as  if  it  were  a  work  to  bo  considered  and  pur- 
sued apart,  instead  of  being  the  life  and  essence  of  all  human  duties. 
Sd^ace,  which  ought  to  be,  and  is,  of  one  flesh  with  religion,  has 
snfiered  in  the  universal  divorce, — nay,  is  even  regarded  as  in  many 
respects  either  actively  or  passively  antagonistic  to  religion.  Men 
devoted  to  the  cultivation  of  science  necessarily  share  in  the  dis- 
fiivour  which  attaches  to  the  subjects  they  study.  We  cannot  con- 
ceal from  ourselves  that  the  students  of  our  own  branch  of  science, 
in  particular,  are  regarded  with  suspicion  by  a  considerable  section 
of  their  fellow-countrymen.  They  are  by  some  supposed  to  have 
interests  directly  at  variance  with  those  of  religion,  or  at  least  with 
those  of  that  portion  of  the  community  which  delights  to  call  itself 
*'  the  religious  world."  They  seem  to  bo  looked  upon  as  in  some 
way  banded  together  for  the  subversion  of  all  religious  belief,  and 
for  the  introduction  of  rationalism,  infidelity,  and  atheism.  I  will 
not  say  that  such  charges  liave  never  any  shadow  of  foundation.  It 
18  only  too  true  that  now  and  then  a  man  steps  out  of  the  ranks  of 
science,  and  so  goes  out  of  his  way,  to  make  an  unprovoked  and 
needless  attack  upon  beliefs  that  are  consecrated  with  all  that  is  pure 
and  holy  in  the  hearts  of  his  friends  and  countrymen — an  attack 
which,  if  it  does  no  harm  to  these  beliefs,  can  hardly  be  considered 
as  doing  any  good  to  science.  But  it  would  be  as  unfair  to  judge  of 
the  temper  and  aims  of  scientific  men  in  general  from  such  displays, 
as  it  would  be  to  estimate  the  tone  of  thought  in  the  Church  from  die 
occasional  eccentricities  of  a  rabid  ecclesiastic.  Nevertheless,  we 
Imow  that  the  distrust  of  science  and  scientific  men  is  widespread. 
No  feeling  of  this  kind  can  exist  and  continue  without  doing  injury, 
both  to  those  who  entertain  it  and  those  against  whom  it  is  enter- 
tained. It  should  be  our  aim  to  do  all  we  honestly  and  honourably 
can  to  allay  the  distrust,  knowing  that  while  we  cannot  but  be  the 
letter  for  the  sympathy  and  encouragement  of  our  fellow-men,  they 
in  torn  most  needs  derive  many  advantages  from  the  onward  march 
-of  science.  They  and  we  have  no  interests  apart :  we  are  all  one 
In  our  desires  for  the  welfare  and  advancement  of  our  common 
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hmnanity.    Let  us  tlierefore  avoid  all  needless  provooation  of  contro- 
Tersy.     I  fear  that,  in  Scotland,  profitable  controversy  is  in  the  mean 
time  impossible.     So  much  of  the  odium  theologicum  is  at  onoe  imported 
into  the  discussion,  that  all  impartial  consideration  of  the  subject  is 
nearly  hopeless.     Let  us  be  on  our  guard  also  against  an  arrogant  or 
contemptuous  tone  towards  our  assailants.    A  man  of  science  may 
be,  in  his  own  way,  as  intolerant  as  the  opponents  whose  narrow- 
mindedness  he  ridicules.    It  is  indeed  difficult  at  times  to  restnun 
the  natural  indignation  which  arises  when  we   see  the  flippant 
criticism  of  men  who  ostentatiously  proclaim  their  ignorance  of  what 
they  criticise,  or  when  we  hear  the  public  warned  against  science 
and  scientific  men  as  dangerous  and  subversive  of  religion.     And 
though  we  may  feel  called  upon  now  and  then  to  speak  out  in. 
protest,  yet  if  our  cause  be  as  true  and  noble  as  we  believe  it  to  be, 
such  opposition  can  deal  it  no  permanent  injury.     Strong  in  this 
assurance,  we  may  well  refrain  from  seeking  often  to  vindicate  it. 
Thus  shall  we  best  conserve  the  modesty  and  dignity  of  true  science. 
The  slow  growth  of  truth  is  like  the  protracted  rise  of  a  great 
cathedral — its  very  tardiness  is  evidence  and  guarantee  of  strength 
and  durability.     But  while  I  recommend  the  quiet  following  out  of 
our  own  special  work,  let  no  one  suppose  that  I  would  for  one 
moment  counsel  anything  that  bore  even  the  remotest  aspect  of 
pusillanimity.     To  conceal  anything  we  know  or  believe,  from  fear 
of  the  consequences  to  ourselves  of  its  being  divulged,  could  not  but 
lower  us  in  tiio  estimation  of  tlie  outer  world,  and,  what  is  worse,  it 
would  lower  us  in  our  own.    Nor  could  we  hope  to  retain  our  self- 
respect  if,  when  occasion  called,  we  shrank  from  defending  opinions 
which  in  our  own  inner  soul  we  believed  to  bo  true.     Yet  it  is 
surely  unnecessary,  in  the  spirit  of  knight-errantry,  to  ride  about  the 
world  charging  whatever  we  may  think  to  be  prejudice  or  error,  but 
which  really  does  not  oppose  our  progress.     Let  us  rather  be  content 
to  labour  and  to  wait    Time,  that  great  winnower,  will  sift  the 
true  from  the  false :  what  of  error  may  be  in  our  work  will  de- 
servedly perish ;  what  of  truth  it  may  contain  will  assuredly  live. 
In  reflecting  upon  this  question  of  the  relations  between  science  and 
religion,  and  especially  upon  the  opposition  which  science  encounters 
fix)m  many  thoroughly  honest  and  estimable  men,  I  am  profoundly 
impressed  by  the  significance  of  the  evidence  of  continual  change  in 
the  past  history  of  the  universe.    The  book  of  nature,  like  the 
prophet's  scroll,  is  written  within  and  without ;  and  over  all  that 
vast  palimpsest,  the  dominant  idea,  expressed  in  thousands  of  varied 
and  ever- varying  forms,  is  the  idea  of  continual  progression.     As 
&r  back  in  time,  and  as  far  away  in  space,  as  our  powers  of  observar 
tion  can  lead  us,  we  find  evidence  of  this  onward  march  of  creation. 
It  is  stamped  on  every  lineament  of  the  globe  upon  which  we  dwell ; 
there  is  not  a  mountain  or  valley,  not  a  river-bed  or  seashore,  that  is 
not  eloquent  of  change.    And  when  we  come  to  decipher  the  records 
of  our  planet's  history,  enfolded  within  its  rocky  crust,  we  find  that 
what  is  true  of  mere  dead  matter  is  yet  more  marvellously  true  of 
organised   existence.     Down   in    the  rocks    beneath  us  lie   the 
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cemeterieB  of  unimagined  ages,  piled  one  over  another,  each  with 
the  buried  relics  of  long  extinct  tribes  of  plants  and  animals. 
From  these  we  can  in  large  measure  follow  the  history  of  life  upon 
the  globe.     We  learn  that  there  has  been  a  slow  upward  advance 
fiom  the  lowliest  types  of  organisation  through  the  whole  range  of 
the  animal  and  vegetable  kingdoms  to  the  complex  forms  of  the 
present  time.    We  may  frame  what  theory  wo  please  to  explain  the 
method  of  their  progress.     We  may  suppose  it  to  have  been  brought 
about  by  a  continaed  succession  of  special  creations  of  now  species 
and  genera,  or  by  a  gradual  development  of  more  advanced  forms 
out  of  those  which  had  preceded  them.     Still  the  great  fact  of  a 
mighty  progress  of  life  remains,  and  it  is  this  fact  which  seems  to 
me  so  full  of  significance  in  its  human  relations.     If  we  turn  to  the 
history  of  man  himself,  the  proofs  of  advancement  crowd  upon 
tis  on  every  side.     Beneath  our  feet,  buried  under  gravel  and  soil, 
lie  the  rude  canoes,  stone  hatchets,  and  flint  arrow-heads  of  our 
aavage  forefathers.    Above  ground  are  the  towns  and  cities,  the  tele* 
.graphs  and  railways,  the  religion  and  literature,  the  sciences  and 
arts  of  the  nineteenth  century.    Among  the  many  contrasts  with 
which  nature  abounds  there  is  surely  none  more  wonderful  than  this* 
Han,  therefore,  is  no  exception  to  the  universal  law  of  progress.  Nay, 
that  law  finds  in  his  history  one  of  its  most  signal  illustrations.    His 
career  has  had  its  vicissitudes,  and  will  no  doubt  have  them  again ; 
but  it  has  nevertheless  been  an  upward  one,  and  such  we  cannot  but 
believe  it  will  continue  to  be.     Now,  in  this  onward  progression 
there  is  no  part  of  man*s  nature  left  unaffected — none  of  his  powers 
have  been  dormant.     Physically,  mentally,  morally,  we  are  far  in 
advance  of  our  wild  ancestors.     Nor  are  there  any  sym})toms  that 
our  development  is  complete.     And  if  this  progress  is  to  continue,  as 
we  believe  it  will  do,  can  we  suppose  that  any  one  of  our  faculties 
will  remain  at  its  old  level,  or  show  no  token  of  further  develop- 
ment !  Least  of  all  can  we  imagine  that  this  inactivity,  or  arrested 
growth,  will  befal   the  highest  powers  of  our  being.     No.     Our 
religious  nature  must  share  in  the  universal  progress.     It  is  im- 
possible that  the  creed  of  one  age  can  satisfy  the  wants  of  all  succeed- 
ing ages.     As  well  might  we  seek  to  replace  the  rifle  bullet  by  tho 
fiint  arrow-head,  or  to  return  to  the  ancient  quadrireme  instead  of 
the  modem  monitor.     Those  who  would  seek  thus  to  fetter  human 
thought  are  struggling  against  the  whole  analogy  of  nature.     The 
grand  essential  truths  will  remain  ever  with  us,  but  tho  outer  crust 
of  prejudice  or  misconception  in  which  they  may  be  more  or  less 
encased  must  piecemeal  fall  away.     It  is  against  this  outer  incrusta- 
tion, and  not  against  the  eternal  truths  which  lie  within,  that  science 
offers  any  antagonism.     So  far,  therefore,  from  feeling  disquiet,  we 
ought  to  rejoice  at  every  fresh  discovery  which,  by  breaking  down 
prejudice,  superstition,  and  error,  tends  to  enlarge  the  boundaries  of 
oiur    knowledge.      Such  discoveries   show  that  we  share   in   the 
universal  progression;  they  furnish   the  happiest  augury  for  the 
future  of  our  race.     Between  tnie  religion  and  true  science  I  believe 
that  there  never  has  been  and  never  can  bo  any  real  discordance. 
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It  is  imperfect  knowledge  on  one  subject,  or  on  both,  which  leads  to 

antagonism,  and  to  all  tiiose  unhappy  bickerings  which  are  so  much 

to  be  deplored.  As  Helmholz  well  said  at  the  late  scientific  meeting 

in  Innspnick : — "  Full  knowledge  of  the  truth  always  brings  with  it 

the  cure  for  the  damage  which  imperfect  knowledge  may  occasion." 

Rrmly  convinced  of  this  truth,  let  us  continue  our  work  with  the 

most  perfect  freedom  and  fearlessness,  yet  with  modesty  and  in  the 

q>irit  of  love,  guided  by  a  clear-sighted  faith  in 

*<  One  God,  one  law,  one  element. 

And  one  four-off  divine  event 
To  which  the  whole  creation  mores." 


NOTES  ON  CONTINENTAL  GEOLOGY* 

Sib, — ^I  am  requested  by  M.  Heb^rt  to  inform  your  readers  that 
he  has  just  returned  from  a  long  journey,  which  he  had  undertaken 
to  study  again  the  Upper  Chalk  in  the  North  and  the  Titonique  in 
the  Alps.  At  Innspriick  he  met  Prof.  Zittel,  a  gentleman  advanta* 
geously  known  on  account  of  his  excellent  work  on  the  Cephalopoda 
of  Stramberg,  and  who  now  declares  himself  inclined  to  locate  the 
Limestone  of  Stramberg  in  the  Neocomien,  so  that  his  own  views 
were  apparently  gaining  fresh  ground. 

M.  Heb^rt  desires  likewise  to  make  two  rectifications  of  his 
tables  of  classification  of  the  Cretaceous  system  inserted  at  p.  200 
of  last  year's  volume  of  the  Geological  Magazine  ;  namely,  that, 
on  account  of  the  recent  studies  he  has  made  in  Sweden  and  Den- 
mark, it  would  appear  that  he  has  placed  the  Limestone  of  Saltholm 
a  little  too  low  down  in  the  series.  Formerly  it  had  been  con- 
sidered more  ancient  than  the  Chalk  of  Meudon  and  Norwich,  cmd 
in  Angelin's  Geological  Map  of  Scania  it  is  placed  under  the  Chalk  of 
TuUstrop,  which  last  is  equivalent  to  the  Chalk  of  Meudon  and 
Norwich  with  BeUmnitella  mucronaia. 

In  M.  Heb^rt's  table  above  quoted,  and  from  observations  made 
by  him  in  1865,  the  limestone  of  Saltholm  is  placed  above  the  Chalk 
of  Meudon,  and  he  had  assimilated  it  as  to  age  with  the  Chalk  of 
Ignaberga,  as  well  as  to  the  gray  beds  of  Ciply.  Prof.  Johnstrup,' 
of  Copenhagen,  and  Dr.  Lundgren,  of  Lund,  have  ascertained  that  at 
Limhamn  in  Scania  some  beds  of  this  limestone  of  Saltholm  repose 
on  the  Chalk  of  Taxo  (Faxoe),  that  he  has  verified  this  fact  during 
his  recent  journey,  but  that  at  the  same  time,  as  will  be  hereafter 
explained  in  greater  detail,  he  believes  he  has  made  out  that  in 
other  localities  some  layers  of  this  same  limestone  occur  under  the 
Chalk  of  Faxoe.  He  has  therefore  been  led  to  consider  the  lime- 
stone of  Saltholm  as  a  simple  fades  of  the  Chalk  of  Faxoe  as  well 
as  the  Limsteen,  and  that  the  three  deposits  will  require  to  be 
placed  together  in  the  same  series  with  the  Chalk  of  Maestricht. 

M.  Hebert  desires  it  also  to  be  understood  that  the  words 
•f  wanting,"  **  wanting,"  in  his  division  of  the  Gault  refer  solely  to 
the  columns  in  his  table  which  are  devoted  to  Touraine  and  Maine* 

*  f  Steenstrnp. 
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and  Aquitaine,  and  not  to  Southern  Franoe  and  Switzerland,  where 
the  Gault  division  is  largely  represented. 

M.  Lory  begs  me  likewise  to  state  that  in  his  tabular  view 
(p.  252  of  last  year's  Vol.  of  the  GsoiiOGioAL  Magazine),  a  simple  line 
without  connecting  braces  should  divide  the  two  columns  respec- 
tively devoted  to  the  Jura,  and  to  Grenoble ;  that  he  does  not  believe 
the  yellow  Limestone  of  Neuchatel  to  be  the  equivalent  of  the 
limestone  with  Chama  ammonia^  but  rather  considers  it  more  closely 
connected  to  the  etage  which  underlies  it  That  in  the  2nd  column 
the  words  ''corresponding  to  a  complete  change  of  fauna"  refer 
exclusively  to  the  word  "  break,"  and  not  as  the  brace  would  seem 
to  imply  to  a  series  of  beds  in  the  opposite  column,  and  which  are 
the  equivalents  of  the  Eimmeridge  clay. 

I  avail  myself  of  this  opportunity  to  mention  that,  as  so  many  of' 
my  geological  friends  have  expressed  a  desire  that  I  should  en- 
devour  to  complete  my  large  work  on  British  fossil  Brachiopoda 
during  the  present  winter,  I  am  unavoidably  compelled  to  postpone 
the  publication  of  the  continuation  of  my  ''Notes  on  Continental 
Ckology"  until  the  labours  connected  with  the  work  above  neimed 
will  have  been  completed.  Thos.  Davidson. 

22,  Pabk  Crescent,  Bbiohtox. 

MB.  DE  RANGE  &  THE   REV.  T.  G.  BONXEY  ON  SURFACE-GEOLOGY 

AND  LYTHODOMOUS  PERFORATIONS. 

Sir, — ^I  regret  that  Mr.  De  Ranee's  able  article  on  the  Surface- 
geology  of  the  Lake  Districts,  in  which  he  repeatedly  refers  to  an 
article  by  me  in  your  number  for  July,  1865,  was  written  before 
the  publication  of  my  work  on  the  Scenery  of  England  and  Wales 
(reviewed  in  your  number  for  October  last),  in  various  parts  of 
which  the  Denudation  of  the  Lake  District  is  fully  considered.  In 
reply  to  several  of  Mr.  De  Ranee's  observations,  I  would  remark — • 
(1)  that  I  don't  regard  the  probable  absence  of  erratic  blocks  on  the 
f  ennine  Hills  at  a  greater  height  than  1800  feet  above  the  sea  as  a 
presumption  that  the  Lake  District  was  not  submerged  to  a  greater 
depth  than  that  implied  by  these  erratics,  because  at  a  greater  depth 
the  extent  of  coast-ice,  or  floating  glacier-ice,  capable  of  transporting 
blocks,  must  have  been  much  reduced,  owing  to  the  decreased  area  of 
land  above  water,  and  likewise  perhaps  owing  to  an  amelioration  of 
climate,  to  say  nothing  of  possible  changes  in  the  direction  of  cur- 
rents. If  I  mistake  not,  erratics  transported  from  short  distances 
have  been  found  in  the  Lake  District  which  must  have  been  floated 
over  ridges  rising  to  a  greater  height  than  1800  feet  above  the  pre- 
sent sea-level. 

(2)  Deflected  or  branching  sea-currents,  assisted  by  waves,  may 
have  acted  very  powerfully  on  the  western  side  of  Thirlmere  Valley 
at  the  time  when  it  was  a  strait ;  and  supposing  the  eastern  side  of 
Helvellyn  to  have  been  once  a  longitudinally-strait  slope,  consisting 
of  rocks  varying  in  structure  and  hardness,  the  sea  undoubtedly 
would  have  broken  up  this  slope  into  coves  and  capes.  Were  the 
sea  now  to  attack  the  eastern  side  of  Helvellyn,  it  would  probably 
destroy  the  edges,  and  fill  up  the  cwms,  because  the  sea  generally  - 
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impregses  a  new  configuration  on  a  land-surface.^  This  remark 
applies  to  sea-coast  action,  but  I  think  it  probable  that  Bed  Tarn 
Owm  was  mainly  excavated  by  currents. 

(3)  In  Bed  Tarn  Cwm,  and  other  cwms  of  the  Lake-district*  £rost 
and  rain  are  breaking  down  their  sides  and  raising  the  level  of  their 
bottoms — in  other  words,  these  agents  are  doing  the  very  opposite  of 
making  a  cwm.  They  are  acting  precisely  the  same  as  they  would 
on  a  hill-side  quarry,  and  springs  present  precisely  the  same  rela- 
tion to  cwms  as  they  do  to  quarries,^ — in  other  words,  springs  have 
been  developed  by,  but  have  not  been  the  cause  of  these  excavations. 

(4)  Cwms,  passes  (the  latter  frequently  indicating  a  greater 
amount  of  excavation  at  their  summit-levels  than  towards  each  end), 
and  valley -expansions,  form  the  most  striking  features  of  the  scenery 
of  the  Lake  District,  and  I  believe  none  of  them  can  be  explained 
by  the  action  of  rain  and  fresh- water  streams.  The  latter,  however, 
have  excavated  numerous  Y-shaped  gulleys  on  the  sides,  or  at  the 
bottoms,  of  the  larger  valleys. 

(5)  Most  of  the  lakes  in  Cumberland  and  Westmoreland  with 
which  I  am  acquainted,  especially  those  fed  by  small  streams,  show 
few  or  no  indications  of  sediment  being  transported  from  one  end  to 
the  other.  The  bottoms  and  sides  of  many  lakes,  excepting  at  their 
upper  ends,  consist  almost  entirely  of  bare  stones  or  rode. 

LUhodomou8  Perforations. — From  the  Rev.  T.  G.  Bonney's  descrip- 
tions, I  do  not  think  ho  was  fortunate  in  meeting  with  very  perf^ 
specimens  of  lithodomous  perforations  in  the  Llandudno  Peninsula. 
Near  the  summit  of  the  Great  Orme's  Head,  I  found  groups  of  them 
in  a  heap  of  newly  disinterred  stones,  many  of  them  more  than 
three  inches  in  length,  and  very  smooth  and  regular.  In  Hill  Head 
Valley,  about  three  miles  S.E.  of  Buxton,  and  between  1300  and  1400 
feet  above  the  sea  (as  noticed  in  my  paper  in  the  Quart.  Joum.  GeoL 
Soc.  for  last  Aug^t),  I  met  with  himdreds  of  perforations  about 
seven-eighths  of  an  inch  in  diameter,  and  frequently  8J  inches  in 
length.  The  distinction  between  them  and  structural,  or  weather- 
worn holes  in  rocks,  was  very  strongly  marked.  No  land-aheUs 
were  to  he  met  with  in  any  of  them,  so  for  as  I  can  recollect^  The 
Rev.  T.  G.  Bonney  has  corroborated  my  assertion  in  the  Q.  J.  G.  S., 
that  most  of  the  lithodomous  perforations  occur  in  positions  protected 
from  the  action  of  rain.  D.  Mackintosh. 

^  On  coasts  now  existing,  the  sea  makes  a  headland,  and  in  time  breaks  it  up. 

^  Or  to  marl-pits  on  the  sides  of  drift-knoUs. 

*  Mr.  Cameron,  of  the  Geolocrical  Survey,  Ulverstonef  has  in  his  possession  a  dis- 
used limestone  gate-post  I  found  on  a  roadside  near  Birkrigg  Moor.  On  one  part  of 
it  there  is  a  group  of  deep  holes  more  regularly  groimd  out  than  a  hole  made  by  an 
iron  jumper  on  the  same  slab  of  rock.  From  one  of  these  holes  Mr.  Cameron  ex- 
tracted tevetiteen  land-shells !  Did  each  of  the  snails  take  a  turn  at  boring,  while  the 
others  rested  from  their  labours  P  or  did  one  snail  bore  the  hole,  and  then  extend  to 
a  number  of  brother  snails  the  benefit  of  a  sheltered  habitation  ?  The  late  Dr.  S.  P. 
Woodward  decided  against  the  snail-theory  of  M.  Bouchard-Chantereaux,  and  Miss 
Hodgson,  now  reTiyed  by  the  Rev.  T.  6.  Bonney.  (See  Editorial  Note  to  my  article 
on  Fholas'hoiiagSf  Geol.  Mao.,  Vol.  IV.,  July,  1867.) 

We  would  refer  our  readers  to  Mr.  Bofe's  article  in  the  present 
Ifmnber,  p.  4. — ^Edit. 
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I. — JXcmcm  or  son  Saubian  Fossils  dibcoyvred  bt  J.  H.  Hood, 
Esq.,  at  Waipara,  Middle  Island,  New  Zealand. 

By  Fzot  OwsH,  FJLS^  F.6.S.f  &c 
PLATE  III. 

IN  this  year  1861 1  communicated  to  the  Geological  Section  of  the 
British  Association,  which  that  year  met  at  Manchester,  a 
iemsriftkok  of  certain  fossils  discovered  by  J.  H.  Cockbum  Hood, 
Esq.,  in  the  Canterbury  Settlement  of  the  Middle  Island  of  New 
ZeiJand ;  which  fossils,  kiudly  submitted  to  me  for  description  by 
that  gentleman,  were  afterwards  presented  by  him  to  the  British 
Museum. 

These  fossils,  having  characters  most  nearly  resembling  those  of 
Saaropterygian  Reptiles,  were  referred  to  a  species  named,  provlsion- 
ally,  IHemosamrus  Auatralis. 

Chi  Mr.  Hood's  return  to  New  Zealand,  in  1869,  he  resumed  his 
researches  for  evidences  of  Mezozoic  deposits  in  the  Middle  Island  ;' 
and  I  received  from  him,  in  August,  1869,  the  following  notice  of 
his  success: — 

'^  Christchurcb,  Caoterbary,  New  Zealand,  May  15tb,  1869. 

'*  Mt  Dbar  Profbmok  Owbh, — I  hare  already  written  to  you  this  month,  telling 
joa  that  I  had  spent  another  week  in  the  exploration  of  the  ravines  at  the  *  Waip^ra,' 
and  bare  been  rery  sucoessful  in  obtaining  fine  specimens  of  the  remains  of  Reptilians 
of  at  least  three  species.  The  head  I  mentioned  haviog  obtiined  seems  to  be  tb^t  of 
a  creature  resembling  T«lfo$aurus:  perhaps  the  portion  of  the  femur,  found  near, 
may  have  belonged  to  the  same ;  if  so,  he  must  have  carried  himself  well  off  the 
SToand  when  crawlini?  along  the  old  rirer  banks  (r),  or  by  the  shores  of  the  gulf  of 
ue  old  Southern  Continent  (?). 

*^  Since  discovering  these  remains,  in  another  ravine,  some  six  miles  distant,  my 
friend  Mr.  Innes  and  i  found  other  very  interesting  fussil  bones— a  portion  of  back- 
bone (12  rertebrs),  concave  on  both  sides,  coraeoi^  and  other  bones,  of  a  very  large 
lizard  fish  {PUsiosawrug,  perhaps; ;  the  vertebrx  are  r.ither  more  hollowed  on  tbe 
anterior  than  tUe  posterior  side;  also  tail-vertebra*,  humerus,  &c.,  I  think  of  an 
leAthfMattrus. 

**  My  geology  of  the  district  is  not  very  easy  to  map  out,  and,  without  further 

'  In  the  North  Island  the  regular  and  highly-inclined  beds  of  marl  on  the  South 
Head  of  Waikaso  and  western  shore  of  kaw'bia  Harbour  have  been  referred  by 
Hochstetter  to  tbe  *'  Secondary  p€ri«>d,"  on  the  ground  of  his  discovery  therein  of 
Ammonites  of  the  family  CanalicuUiti  and  BfieinmtcM.  1  believe  tlie  Reptilian 
remains  about  to  be  described  aifurd  as  rare  ground  (ox  a  like  reference  of  thair 
rix. 
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reiearcli,  somewhat  puzzling.  As  I  told  you,  it  is  no  easy  matter  exploring  it,  the 
deep  impassable  ravines  making  it,  in  places,  almost  inaccessible.  I  am  writing  in 
an  uncomfortable  Colonial  steamer,  rolling  most  horridly,  but  must  try  and  gire  a 
rough  sketch,  for  your  information.  In  the  clay-beds  in  which  the  boulders  are 
imbedded  I  have  found  no  fossils,  except  those  surrounded  by  crystalline  concretions. 
If  it  were  certain  that  the  beds  are  marine,  it  might  be  that  the  fossils  were  washed 
out  of  the  cliffs  of  an  older  rock  into  the  Eocene  sea ;  but,  as  it  is,  1  see  no  reason  for 
calling  them  Tertiary. 

<*  Sketch.  — No.  1.  shows  the  deep  gorge  of  a  tributary  of  the  Waipsra  riTer,  cat 
np  by  floods  in  the  most  fantistic  ana  strange  manner ;  the  precipitous  cliffs,  in  places 
only  30  ft.  or  so  apart,  arc  many  hundreds  of  feet  in  height ;  so  that  the  great  con- 
cretionary boulders  stand  out  in  relief  against  the  sky. 

*<No.  II.  is  the  deep  ruTine  in  the  Limestone  plateau,  with  large  cares  and  a 
natural  bridee ;  the  Limestone  here  passes  into  Chalk,  and  is  full  of  a  peculiar  cup- 
shaped  Coral,  Bryozoon  (?)  and  Echini.    Cetacean  remains  are  plentifuL 

*'No.  III.  Wuipara  river-gorge,  surrounding  the  plateau  called  *  Raui  paddock,' 
formed  by  great  subsidence  and  denudation  of  Red  Crag.  This  plateau  is  about 
8|  miles  long  and  3  miles  wide. 

"  I  am  afniid  thut  my  wretched  writing  material  and  worse  drawing  will  not  make 
this  hasty  attempt  to  show  the  peculiar  conformation  of  the  place  very  intelligible ; 
but  it  may  serve  to  give  an  idea,  meantime,  until  I  hHve  the  pleasure  of  seeing  you, 
or  can  send  s«>mething  better,  if  I  do  not  go  on  to  England. 

*'  I  think  that  the  conclusion  you  will  come  to  is  that  these  beds  are' the  equiralents 
of  the  Wealden.  I  am  very  sorry  that  I  had  not  another  week  to  spend  there,  to  hare 
enabled  roe  to  examine  the  clay-beds  more  thoroughly,  and  unaerlying  MJidroek, 
not  sand  stone.  1  am  sure,  however,  that  their  bein^  Miocene  or  Newer  Tertiary 
strata  is  incorrect.  "  Tours  very  smcerely, 

(Signed)  "J.  H.  Cocxbubk  Hood." 

"  P.S. — There  are  undoubted  Triassic  beds  in  the  ndjoining  province  of  Nelson. 
"The  boxes  have  gone  in  the  *  Matoaka'  to  London." 

I  soon  after  received  the  following  : — 

**  Christchurch  Club,  Canterbury,  New  Zealand,  May  18th,  1869. 
"My  Deah  Propessou  Owen, — I  wrote  to  you  by  last  mail,  and  send  this  to  let 
YOU  know  what  I  have  sent  home  by  the  *  Matoaka,'  in  case  it  reaches  England 
oefore  I  do  myself.     The  numbers  I  give  to  distinguish  the  fossib  found  in  each 
Boulder,  some  being  10  miles  apart.  "  I  am,  yours  sincerely, 

(Signed)  "J.  H.  Cockbubn  Hood." 

List  of  Fossils  as  found  in  thb  different  Bouldebs. 

No.  1.  Portions  of  head,  upper  and  lower  jaws. 

No.  1*.  Point  of  diito,  of  a  large  Crocodihan  {TeUoaaurtu  f). 

No.  2.  Caudal  vertebras,  PUsiosnuhan  ;  the  two  last  broken. 

No.  3.  Lower  part  of  femur  (of  a  land-Saurian) ;  with  this  were  Tertebm  and 
ribs  ;*6  and  8,  very  cyl  ndrical ;  second  rib  16  inches  long  ;  one  was  18  inches. 

No.  4.   Kihs,  ptc.,  etc. 

No.  5.  Vertebra)  and  humerus  {Ichthyosaurus  f). 

No.  6.  I.arge,  ditto. 

No.  7.  T-shaped  bono  of  sternum. 

No.  8.  VcrtebitB,  fresh  teeth,  OstreOf  etc.;  shells  frem  coal-seam  underlying 
Saurian  (bouMer) -bearing  deposit. 

No.  9.  Vertebrte,  convex  on  anterior,  concaye  on  posterior,  side  (from  boulder, 
apparently  from  coal  bed). 

No.  10.  Clavicle  (found  alone). 

No,  11.  Ulna  (found  alune). 

No.  12.  Coiacoid  bone  (found  alone). 

No.  13.  PaWdle  1  (alone). 

No.  16.  Pnrt  of  bHckbone  (12  large  vertebrsB) ;  bonee  of  sternum,  pelris,  etc.,  eto., 
apparently  allied  to  TeUosauru*. 

Wo.  16.  Cetacean,  from  overlying  Tertiary. 

No.  17.  Fucoids,  etc.,  etc.,  from  bone-bearing  boulders. 

No.  18.  Sulphureous  clay,  shells,  etc ,  from  boulder-bearing  strata. 
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Mr.  Hood  retu^ed  in  safety  to  Sbgland  about  two  months  after 
my  reception  of  his  last  letter.  He  informed  me  that  a  vessel  which 
left  Ghristchurch,  ¥rith  a  quantity  of  the  Fhormium  lenax  on  boards 
had  perished  through  spontaneous  combustion  of  the  cargo,  and  that 
the  crew  had  been  picked  up  after  much  sufifering  in  the  boats.  The 
''Matoaka"  had  left  with  a  similar  lading,  before  tidings  of  the 
catastrophe  had  reached  Christchurch,  and  as  nothing  has  beeir 
beard  of  that  vessel,  now  some  months  overdue,  it  is  feared  that  she 
has  also  perished. 

Some  fossils  from  the  locality  at  Waipara,  explored  by  Mr.  Hood, 
and  from  another  locality,  of  the  Nelson  Province,  have  fortunate- 
ly been  preserved  in  the  Colonial  Museum  at  Wellington,  New 
Zesdand ;  and  I  have  been  favoured  by  receiving  from  Dr.  Hector, 
F.B.S.,  the  experienced  Government  Geologist  of  that  Province, 
outline  drawings  of  some  of  these  fossils,  of  the  natural  size.  From 
these  drawings  I  have  selected  subjects  which  most  unequivocally 
represent  a  species  of  Sauropterygian  Reptile.  They  are  repre- 
sented, reduced,  in  Plate  III. 

Figa,  1-3  are  of  a  cervical  vertebra.  It  is  broad  and  flat  on  the 
under  surface  of  the  centrum ;  the  sides,  also,  of  which,  between 
the  terminal  articular  surface,  are  more  flattened  than  usual,  and 
converge  toward  the  neural  surface,  giving  somewhat  of  a  triangular 
figure  to  the  vertical  transverse  section  of  that  part.  The  pleura- 
pophyses  (pi.)  come  off"  from  the  lower  part  of  the  sides,  and  are 
confluent  therewith,  like  trans vei*8e  processes.  The  characteristic 
pair  of  venous  foramina  open  upon  the  middle  of  the  under  surface, 
fig.  3.  This  vertebra  most  resembles  one  from  the  bone-bed 
of  Aust-Clifi^,  near  Bristol,  described  in  my  "  Report  on  British 
Fossil  Reptiles,"  1839,  p.  78.  and  referred,  with  a  note  of  interroga- 
tion, to  the  Plesiosaurus  trtgonus  of  Cuvier.  The  articular  surface  of 
the  centrum,  fig.  1,  is  moderately  concave,  with  a  transversely 
oblong  depression  in  the  centre,  and  the  margin  rounded  off.  The 
neural  arch  is  anchylosed  to  the  centrum.  The  neural  canal,  fig.  1, 
is  contracted,  as  usual,  in  cold-blooded  air-breathers,  and  shows  the 
ordinary  proportion  of  that  in  Plesiosaurus,  The  pleurapophysea 
{pi.)  are  short  and  thick ;  the  fore  and  aft  diameter  of  their  base 
equals  two-fifths  of  that  of  the  entire  centrum  :  they  are  somewhat 
inclined  downward.  A  distmce  of  twice  their  vertical  basal 
diameter  intervenes  between  them  and  the  anchylosed  base  of  the 
neurapophysis,  (n)  figs.  1,  2. 

This  vertebra  gives  the  following  dimensions : — 

In.  Lines. 

liCTig^b  of  centrum     2      1 

Breadth  of  articular  end  of  di'to      2      2 

Height  of  do.  do.,  at  the  middle       1       7 

The  New  Zealand  specimen  shows  an  exceptional  form  among  the 
extensive  series  of  modified  plesiosaurian  cervical  vertebras  already 
defined  or  recognized.  Moreover,  it  is  that  form  which,  hitherto, 
from  British  deposits,  has  not  been  met  with  associated  with  other 
parts  of  the  frame,  yielding  the  characters  of  proportionate  length  of 
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neck ;  proportion  of  head  to  body ;  shape  and  number  of  teeth ; 
form,  structure,  and  proportions  of  limb-dLeletons,  either  in  relation 
to  the  trunk,  or  in  that  of  the  pectoral  pair  to  the  pelvic  pair.  In 
short,  materials  have  been  wanting  for  assurance  that  the  degree 
of  modification  of  the  cervical  vertebra,  represented  in  PL  UL, 
may  not  have  been  associated  with  so  much  modification  of  the  rest 
of  the  skeleton  as  to  warrant  a  generic  section  of  Sauropierygia,  or 
a  subgeneric  one  in  the  Plesiosaurian  family.  I  leave,  however,  to 
him,  who  may  have  the  good  fortune  to  receive  the  requisite  evi- 
denoe,  the  privilege  of  propounding  the  generic  term. 

Meanwhile,  one  has  the  satisfaction  of  seeing  this  type  of  Sanro- 
ptery^an  cervical  vertebra,  which  appears,  with  us,  to  be  geologically 
related  to  a  Triassic  deposit,  repeated  in  fragments  or  boulders  of  a 
broken-up  part  of,  what  the  present  evidence  suffices  to  convince  me 
has  been,  an  old  Mesozoic  shore  or  sea-bed  in  New  Zealand. 

In  Fig.  5  of  Plate  III.  is  given  a  reduced  copy  of  a  sketch  of  pari 
of  the  skeleton  of  a  Hesiosauroid,  in  which  twelve  ribs  of  the  left 
side  succeed  each  other.  Whoever  may  glance  at  a  specimen  or 
figure  of  a  similarly  preserved  trunk  of  a  Pleaiotaurus,  from  the  old 
type  Pies,  dolichodeirus  of  Conybeare,  now  in  the  British  Museum 
(Trans,  of  the  Qeol.  Soc.,  2nd  Sec,  vol.  i.,  pL  xlviii.),  to  the  jP2e*. 
iomalogpondyUis  of  my  last  Monograph  on  the  subject  (vol.  for  1865 
of  the  Palsontographical  Society,  tab.  v.),  will  appreciate  the  generic 
character  of  the  ribs  in  the  New  2^ealand  fossil.  They  are  robust, 
Bubcircular  in  section,  expanding  somewhat,  or  thickening,  at  their 
middle,  obliterating  there,  or  leaving  vety  little  of  intercostal  space, 
at  least  in  the  collapsed  condition  of  the  chest :  they  are,  likewise^ 
solid  (as  indicated  by  the  representation  of  a  fractured  end). 

The  extent,  in  a  straight  line  along  the  mid-part  of  this  costal 
aeries,  is  about  18  inches.  The  extent  of  vertebral  column  to  which 
they  have  been  articulated  may  be  reckoned,  accordingly,  to  have 
inuuded  twelve  vertebr®,  averaging  an  inch  and  a  half  in  length. 

Now,  this  is  the  fore-and-aft  diameter  of  each  of  the  five  consecu- 
tive cervical  centrums  figured  at  the  fore  part  of  the  costal  series. 
If  the  foremost  is  rather  shorter,  the  hindmost  proportionally  gains ; 
but  the  increase  of  breadth  is  more  marked  than  that  of  length,  as  is 
usual  at  the  base  of  the  cervical  series  in  Plesioaaurus.  The  diagram- 
matic character  of  Dr.  Hector's  drawing — perfectly  trustworthy  in 
reference  to  general  form  and  dimensions  of  the  bones — leaves  me 
in  some  doubt  whether  the  riblets  be  indicated  by  the  fractured 
anchylosed  bases,  or  by  pleurapophysial  articular  surfaces.  In 
either  case,  these  elements  projected  from  the  low  level  of  the 
centrum,  as  in  the  single  vertebra,  Figs.  1-3.  The  foremost  vertebra, 
represented  in  the  sketch,  from  which  the  proportion  figured  in  Plate 
ni.,  Fig.  5,  is  reduced,  is  a  cervical  seen  from  an  oblique  side  view, 
showing  that  the  pleurapophysis  is  anchylosed,  and  its  expanded  end 
—if  it  had  an  expanded  end — has  been  broken  of.  But  the  difference 
in  the  fore-and-aft  as  compared  with  the  transverse  diameter  in  each 
of  the  eight  cervical  vertebree  in  the  sketch — there  ai*e  two  intervening 
between  the  consecutive  five  and  the  detached  one — forbids  my  refer- 
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xing  iiie  single  Tertebni  (l^gR.  l--3y  Plate  m.)  to  the  same  speoies 
as  those  represented  by  f^g.  5. 

If  no  other  indications  of  an  enaliosanrian  reptile  had  been 
obtained  from  the  Triassio  (?)  beds  of  Nelson  Proyince,  or  from  the 
Waipara  beds  or  boulders,  tiie  part  of  a  limb-bone — ^I  believe  femur 
— dcetched  by  Dr.  Hector,  and  of  which  a  rednced  yiew  is  given  at 
Fig.  4  and  4a — ^wonld  have  sufficed. 

It  shows  the  hemispheroid  articular  head,  coarsely  pitted  by  the 
ohancteristic  circular  depressions,  with  slightly  raised  margins. 
The  degree  of  contraction  of  tiie  shaft  to  the  broken  and  the  indi- 
cated retention,  so  far,  of  a  subcylindrical  shape  of  shaft,  are  inoom- 
patiUe  witii  any  known  modification  of  an  Ichthyosaurian  humerus 
or  femur.  These  are  more  angular,  and  transversely  oblong  at  the 
proximal  end,  and  more  rapidly  compressed  and  expanded  towards 
tiie  distant  one  in  the  fish-like  sea-lizard.  The  fragment  of  limb- 
bone,  in  the  Museum  at  Wellington,  is  plainly  plesio-  orplio-saurian, 
and  most  probably  part  of  the  same  species,  if  not  individual,  as 
tiie  trunk  sketched  in  Fig.  5.  The  long  diameter  of  the  head  of 
flie  bone  is  3  inches,  G  lines ;  the  short  diameter  is  3  inches.  The 
peripheral  contour  is  flatter  or  less  convex  on  one  side  than  the 
other,  as  it  is  in  the  same  part  of  the  femur  of  PUoBaurtu  partlandieus 
(Monograph,  in  the  volume  for  1869,  of  the  PalsBontographical 
Society,  tab.  iv.,  ^g.  3),  in  which  the  small  crateriform  pits  of  the 
articular  surface  are  shown ;  but  this  character  is  common  to  PUo- 
and  PlesiO'Saurus. 

Other  genera  of  Mesozoic  saurians  are  suggested  by  the  "  List" 
drawn  up  by  my  friend,  the  explorer  of  this  dangerous  but  richly- 
stored  locality :  but  the  difficulty  of  precise  determination  from 
outline-sketches,  even  as  to  whether  an  obviously  cup-and-ball 
vertebra  be  "  pro-"  or  "  opistho-coelian,"  decides  one  to  wait,  for  the 
present. 

PLATE  III. 

PlesMsaurtu  Hoodiiy  Owen. 


Fig.  1.  Cerrical  Tcrtebra,  end  yicw. 
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lew.; 


2.  „  „  side  yiew.     J  Half  nat.  size. 

3.  „  „  under  yiew. 

Plen^saurut  erastieostatuaf  Owen. 
6.  Tnmk-ribe  and  Tertebne  from  base  of  neck,  one-sixth  nat  size. 


n. — On  the  Age  of  thb  Stratified  Deposits,  with  Mammalian 
Bemains  at  Gbofthead,  neab  Glasgow. 

By  Jambs  Gxikib,  District  Surveyor  of  the  Geological  Surrey  of  Scotland. 

(With  Two  Woodcuts.) 

rthe  Geological  Magazine  for  Septemher,  1868,  I  descrihed 
a  section  of  Drift  deposits  which  had  been  exposed  in  the 
cutting  of  the  "  Kilmarnock  and  Crofthead  Extension  Kailway."  If 
the  reader  lefers  to  that  pe^r  he  will  find  it  stated  that  the  Lower 
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Boulder-clay  ef  the  locality  in  question  contains  certain  intercalated 
beds  of  clay,  sand,  and  gravel  which  have  yielded  Bos  primigemmi. 
Quite  recently  the  remains  of  the  horse  and  the  great  Irish  deer 
have  been  met  with  in  the  same  deposits.  In  the  jMresent  paper  I 
do  not  mean  to  say  more  about  the  character  of  the  stony  day 
which  overlies  the  beds  with  mammalian  remains.  There  can  be  no 
doubt  whatever  that  it  is  truly  Boulder-clay.  But  as  I  understand 
that  several  members  of  the  Glasgow  Greological  Society  have  since 
visited  the  section,  and,  while  agreeing  with  me  as  to  the  glacial 
origin  of  the  overlying  Till,  have  yet  expressed  an  opinion  that  this 
bed  is  not  in  its  natural  position,  but  has  slipped  down  upon  the 
stratified  deposits  from  the  adjacent  hill-slope,  it  may  be  well  to 
point  out  how  all  the  facts  are  against  such  a  supposition. 

1.  The  bedded  deposits  of  clay,  sand,  and  gravel  do  not  differ  in 
the  slightest  degree  from  similar  intercalated  beds  of  very  common 
occurrence  in  the  Lower  Boulder-clay  of  the  south-west  of  Scotland. 
Along  the  numerous  stream-courses  of  West  Lanarkshire,  Ayrshire, 
and  the  neighbouring  counties,  abundant  evidence  on  this  head  will 
convince  the  most  sceptical.  I  may  add  that  near  to  the  bottom  of 
the  ^OS-beds  I  obtained  from  finely  laminated  clay  a  few  scattered 
stones,  all  well  striated — ihe  smallest  not  bigger  than  a  walnut,  the 
largest  about  the  size  of  one's  fist.  Here  again  we  have  a  repetition 
of  phenomena  common  to  the  Boulder-clay  of  the  west  and  east  of 
Scotland.  In  the  valley  of  the  Tweed,  for  instance,  we  have  alter- 
nations of  tough  yellow  Boulder-clay  with  beds  of  gravel  (often  full 
of  scratched  stones),  and  considerable  thicknesses  of  sand  and 
laminated  clay,  which  occasionally  exhibit  a  few  scattered  erratic 
blocks  and  striated  stones.  The  same  appearances  are  repeated  in 
the  valleys  of  the  Stinchar,  the  Ayr,  the  Doon,  the  Irvine,  the  Avon, 
the  Clyde,  and  their  numerous  tributaries.  There  can  be  no  doabt 
that  these  bedded  deposits  are  truly  intercalated  with  the  Boulder- 
day,  for  excellent  sections,  which  the  merest  tyro  will  understand 
at  a  glance,  frequently  present  themselves  in  flat  undulating  country 
where  there  cannot  be  any  possibility  of  intermittent  landslips 
having  occurred. 

2.  Throughout  the  trappean  district  in  the  neighbourhood  of 
Crofthead,  and  for  many  miles  to  the  west,  south,  and  east,  the  hill- 
tops and  steeper  hill-slopes  are  singularly  bare  of  Bovdder-clay,  that 
deposit  being  only  met  with  in  the  bottoms  of  valleys  and  sheltered 
hollows,  and  here  and  there  sparsely  scattered  over  the  gentler  hill- 
slopes. 

8.  The  overlying  Boulder-clay  in  the  Crofthead  section  is  only  a 
continuation  of  the  same  deposit  which,  increasing  in  breadth  as  the 
valley  widens  to  the  south-west,  creeps  further  up  the  gentier 
valley-slopes  in  that  direction  than  it  does  where  the  valley  con- 
tracts and  the  hill-slopes  become  steeper.  Hence  the  position  of  the 
Boulder-day  in  this  valley  is  quite  natural,  and  just  what  one  would 
expect  to  find. 

4.  The  underlying  laminated  clays,  etc.,  are  in  places  highly 
crumpled  and  contorted,  and  the  foldings  are  so  arranged  as  to  is£u)w 
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that  the  force  which  squeezed  and  puckered  them  must  have  acted 
in  a  direction  down  and  not  across  IJie  valley.  Moreover  it  is  a  fact 
that  the  similar  intercalated  heds  of  clay,  sand,  and  silt,  so  commonly 
met  with  in  the  Lower  Boulder-clay  of  Scotland,  almost  invariably 
show  contortions  in  the  same  manner  as  here. 

5.  An  examination  of  the  slope  of  the  ground  above  the  spot 
where  the  mammalian  remains  were  found,  certainly  does  not  favour 
the  idea  of  a  landslip  having  taken  place.  The  accompanying 
section  (Fig.  1),  drawn  on  a  true  scale,  wiU  better  show  this  than 
mere  verbal  description.  I  have  represented  here  the  original  sur- 
ftoe  of  the  ground  before  the  railway  operations  were  begun,  and 
the  line  of  section  crosses  the  valley  a  few  yards  below  the  spot 
where  the  skull  of  the  great  ox  was  got.  From  B  to  A  the  general 
■lope  of  the  hill-side  is  not  more  than  11^ ;  and  from  A  the  hill 
continues  to  slope  up  at  the  same  angle  for  a  distance  of  470  yards,  to 
where  the  hill-top  is  reached  at  a  height  of  about  725  feet  above  the 
level  of  the  sea.  At  B  the  rock-surface  suddenly  dips  down  at  a 
much  steeper  angle,  and  against  this  slope  the  stratified  beds  abut. 
The  Boulder-clay  wliich  rests  upon  these  deposits  originally  extended 
as  far  as  c,  but  was  subsequently  removed  during  the  progress  of  the 
railway  cutting.  Now  if  the  overlying  position  of  the  Boulder-clay 
is  supposed  to  be  due  to  a  landslip  it  will  also  be  necessary  to  sup- 
pose that  the  Till  in  question  has  glided  bodily  down  a  long  gentle 
(dope  of  11*^,  that  it  has  performed  this  wonderful  feat  of  agility 
wi^out  leaving  behind  it  any  portion  of  its  substance,  and  that  after 
toppling  down  the  slope  at  B  it  has  crept  boldly  on  over  the  level 
surface  of  the  Bos-hedk  for  a  distance  of  at  least  150  feet  I  ^ 

6.  As  the  Boulder-clay  which  overlies  the  ^os-beds  at  the  place 
from  which  the  section  (Fig.  1)  is  taken  is  the  same  deposit  as  that 
beneath  which  the  stratified  clays,  etc.,  re-appear  some  little  distance 
further  up  the  valley,  it  follows  that,  if  at  the  former  place  the 
overlying  position  of  the  Till  be  due  to  a  land-slip,  then  the  same 
must  be  the  case  here  too.  Upon  such  a  supposition  wo  have  to 
believe  that  the  Boulder-clay  has  slid  along  a  slope  of  12°  for  a 
distance  of  230  feet  at  the  very  least,  or  if  we  suppose  it  to  have 
come  from  the  flat  hill-top  then  it  must  have  glided  along  the  same 
gentle  slope  (12°)  for  some  660  yards  or  thereabouts.  After  this  it 
must  have  had  sufficient  impetus  to  carry  it  for  a  distance  of  about 
230  feet  over  the  nearly  level  surface  of  the  underlying  lacustrine 
deposits  I 

But  the  accompanying  section  (Fig.  2)  will  show  more  clearly  the 
nature  of  the  ground.  The  geneial  slope  of  the  hill-side,  above  the 
Boulder-clay  terrace,  62,  is,  as  I  have  just  stated,  only  12°  for  a 
distance  of  660  yards  to  the  highest  point  [725  feet  above  the  sea], 
overlooking  the  valley  at  the  place  from  which  the  section  is  taken. 
The  slope  is  quite  bare  of  Boulder-clay.  At  62**  a  small  patch  of 
Boulder-day  is  represented,  which  by  this  time  may  have  been 

*  I  hare  not  represented  mnch  of  the  soutli-east  slope  of  the  ralley,  as  I  do  not 
si^poM  any  one  will  dream  that  the  fioolder-clay  has  slid  from  that  quarter. 
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cleared  away.  It  is  only  the  tailing-off  of  the  Boulder-olay  which, 
as  we  follow  it  towards  Shillford,  oreeps  a  little  farther  up  the 
southern  slopes  of  the  valley,  hut  is  there  veiy  thin.^  No  overlying 
Boulder-clay,  however,  occurs  on  this  side  of  the  valley  as  we 
approach  the  spot  from  which  section  Fig.  1  is  taken.  The  slopes  of 
the  rock  surface  helow  the  drift  deposits,  as  shown  in  the  two 
sections,  are  protracted  from  the  angle  formed  by  the  sides  of  the 
valley,  and  tiie  depth  from  the  level  of  the  railway  to  the  rock 
thus  obtained  agrees  closely  with  that  ascertained  from  borings.  If 
the  reader  refers  to  my  former  communication  (Vol.  Y.,  p.  393)  he  will 
there  find  stated  the  evidence  for  the  existence  of  the  Boulder-day 
underlying  the  lacustrine  deposits,  which  is  represented  in  the 
accompanying  woodcuts  (Figs.  1  and  2)  at  51. 

Quite  recently  the  railway  operations  were  interrupted  by  a 
landslip.  The  lacustrine  deposits  had  been  so  deeply  cut  into  that 
the  downward  pressure  of  the  superincumbent  Boulder-clay  forced 
the  soft  wet  beds  below  to  bulge  forward,  and  I  was  told  that  the 
rail -road  was  squeezed  up  some  six  or  seven  feet.  The  navvies  had 
only  repeated  what  the  stream  had  done  before.  It  appears  clear  to 
me  that  Boulder-clay,  resting  on  lacustrine  deposits,  once  filled  up 
the  entire  hollow  from  B  to  D.  By  and  by  the  stream  cut  its  way 
down  through  the  Till  and  cleared  it  away  from  c  to  D.  The  under- 
lying soft,  wet  sUt,  sand,  and  day,  now  pressed  down  unequally  by 
ue  Till  (62),  yielded,  and  bulged  up  at  G,  where,  of  course,  the 
stream  gradually  washed  it  away.  Thus  the  Boulder-clay,  I  believe, 
is  now  at  a  slightly  lower  level  than  formerly.  Similar  landslips 
may  often  be  witnessed  along  the  river-courses  in  the  west  of  Scotland. 
In  the  valley  of  the  Calder  Water  (River  Avon)  for  instance,  at 
Galderbraehead,  the  river  has  cut  its  way  down  through  a  broad  and 
gently  sloping  terrace  of  Boulder-clay  into  deposits  of  soft  day,  silt^ 
and  sand,  which,  from  borings,  have  been  ascertained  to  be  of  great 
thickness.  Now,  just  as  in  the  Gowden  valley,  so  here,  the  weight 
of  the  overlying  Boulder-clay  has  forced  the  subjacent  denuded  and 
exposed  deposits  outward  into  the  stream,  which  is  rapidly  carrying 
them  away,  and  the  result  is  that  the  surface  of  the  ground  adjoining 
the  river  is  permanently  lowered.  Thus,  neither  in  the  case  of  the 
Gowden  Valley,  nor  in  that  just  mentioned,  have  the  landslips  been 
caused  by  the  sliding  forward  of  the  Boulder-day  upon  the  stratified 
deposits,  but  by  the  undermining,  displacement,  and  actual  abstrac- 
tion of  the  soft  foundations  on  which  die  Boulder-day  rests. 

I  saw  the  section  at  Crofthead,  in  November  last,  in  company 
with  my  friend  and  colleague  Mr.  GroU,  and  I  shall  only  add  that 
he  was  as  much  surprised  as  myself  that  any  one  could  fail  to  see  the 
truly  intercalated  character  of  the  lacustrine  deposits  whidi  have 
yidded  the  mammalian  remains. 

^  Ity  therefore,  I  had  taken  the  aeotioa  (Fig.  2)  acroas  the  ralley,  a  Utile  neazer 
Sbillford,  it  would  have  shown  a  larrer  portion  oi  Boulder-day  in  the  poaition  re- 
presented in  the  annexed  woodcat  at  62*. 
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Esq.,  F.R.S. 

By  Bey.  0.  Fisher,  H.A.,  F.G.S. 

r  replying  to  Mr.  Forbes'  strictures  upon  my  paper  at  Cambridge 
upon  ''The  elevation  of  Mountains,  etc,"  I  may  be  permittol 
to  say,  what  would  otherwise  be  of  no  consequence.  The  paper  wm 
read  in  April  1868.  I  received  it  back  from  the  referees,  accom- 
panied by  some  valuable  suggestions,  in  September.  I  was  at  that 
time  much  occupied,  and  did  not  work  out  those  suggestions  until 
January  1869.  After  having  done  so  I  wrote  to  Mr.  Forbes,  re- 
ceived his  reply  on  the  29th,  and  a  week  later  sent  the  paper  back 
to  the  referees. 

Although,  therefore,  as  Mr.  Forbes  infers,  the  paper  was  altered 
subsequently  to  its  being  read,  yet  those  alterations  were  not  made 
without  the  sanction  of  the  officials  of  the  Society. 

It  seems  to  me  that  the  more  rocks  contract  in  cooling,  the  more 
probable  it  is  that  the  earth  is  solid.  And  I  conceive  that  this  must 
be  a  question  of  degree,  unless  we  consider  melted  rock  to  be  a 
perfect  fluid. 

I  understood  the  same  view  to  pervade  Mr.  Forbes's  paper  "  On 
some  points  in  Chemical  Geology."  Hence  in  quoting  from  luB 
paper,  in  which  he  inclines  to  support  the  opinion  of  the  earth's 
fluidity,  I  felt  that  I  was  not  using  data  furnished  by  an  advocate 
of  the  side  of  the  question  favourable  to  my  theory ;  for  that  was 
based  on  the  contraction  of  the  earth  in  cooling.  It  was  this,  and 
nothing  more,  which  prompted  the  expression,  that  Mr.  Forbes  was 
"  concerned  to  reduce,  as  much  as  possible,  Hie  contraction  of  the 
materials  of  the  earth."  If  the  words  he  capable  of  a  sinister  mean- 
ing, I  should  have  been  ashamed  to  have  used  them  in  it. 

The  reply  which  I  received  from  Mr.  Forbes  to  my  inquiry, 
whether  he  had  allowed  for  the  expansion  of  the  iron  moulds,  was  as 
follows  : — "  The  expansion  of  the  moulds  was  allowed  for  in  many 
cases  by  measuring  the  liot  moulds,  which  was  easily  done,  since  the 
moulds  were  in  all  cases  cubes  or  rectangular.  Other  experiments 
were  made  both  in  stone  and  sand  moulds.  The  results  obtained  by 
me  are  not  put  forward  as  representing  the  true  amoimt  of  contrac- 
tion, but  as  showing,"  in  short,  that  Bischoflf's  results  were  consider- 
ably too  large. 

I  did  not  alter  what  I  had  written  because  the  qualifying  words, 
"in  many  cases,"  led  me  to  think  (wrongly  it  appears),  though  hot 
moulds  were  in  many  cases  used,  yet  that  the  dimensions  given  in  the 
Chemical  News  were  probably  those  of  the  moulds  when  cold.^  This 
idea  was  conflrmed  by  the  disclaimer  of  exactness  for  the  results.  I  am 

^  "The  slags  wore  allowed  to  flow  into  iron  mouldB,  ten  inches  long  by  six  deep 
and  wide,  also  containing  860  cubic  inches,  a  heary  iron  top-plate  beinfi^  dropped 
npon  tbem  when  overflowinf ,  so  as  to  ensure  their  being  filled  completely  sad 
eyenly."— C%#mMa/  Newt,  Vol.  xriii.,  p.  193. 
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now  Borry  that  I  said  anything  about  the  condition  of  the  moulds  ; 
for  the  sentence  might  have  been  just  as  well  entirely  left  out  It 
was  quite  immaterial  to  my  argument. 

As  Mr.  Forbes  did  not  state  in  his  paper  in  the  Chemical  News 
that  the  blocks  of  slag  were  devitrified  as  cast,  it  was  surely 
pardonable  in  me  to  suppose  the  contrary,  having  been  told  of  the 
alow  process  of  cooling  needful  to  devitnfy  the  Rowley  rag.  And 
I  do  not  even  now  feel  convinced  that  a  slag  cooled  thus  quickly 
enters  into  the  normal  stony  condition  of  an  igneous  rock. 

Mr.  Forbes  does  not  find  fault  with  the  number  0*060,  as  express* 
ing  the  final  contraction  of  the  Bowley  rag.  If  that  number  be 
used  in  the  place  of  0-09,  which  I  have  employed,  the  only  part  of 
my  paper  that  will  be  afiected  by  it  will  be  the  rough  estimate  of  the 
height  of  mountain  chains,  caused  by  a  contraction  supposed  equal  to 
the  latter  number.  These  wiU  have  to  be  lowered,  in  the  ratio  of  0*64 
to  1,  or  nearly  in  that  of  two  to  three  ;  and  thus  the  results  will  be 
made  to  accord  with  nature  better.  But  I  must  repeat  the  caution, 
that  no  attempt  is  made  here  to  arrive  at  a  definite  result,  because 
we  have  no  right  to  assume  that  an  upper  shell  of  the  earth, 
of  the  thickness  I  have  supposed,  has  contracted  to  the  same  amount 
as  the  Eowley  rag  did,  in  passing  from  a  fused  to  a  devitrified 
state.  Its  contraction  may  have  been  less  or  it  may  have  been 
greater.  Yet  I  think  we  may  assume  that  it  has  been  of  the  same 
order  of  magnitude,  which  is  all  that  I  intend  to  assert.  All  that 
my  general  argument  requires  is  the  admission  that  heated  rocks 
contract  on  cooling.  It  is  not  affected  by  the  question  whether  the 
earth  be  now  solid,  or  fluid,  or  semifluid,  internally.  If  it  be  fluid, 
that  condition  will  more  easily  explain  volcanic  action,  though  it 
seems  possible  the  solid  condition  (to  which  I  incline)  may  be  com- 
patible with  my  speculation  as  to  its  cause. 

The  somewhat  lengthy  investigation  as  to  the  condition  of  pressure 
in  the  interior,  on  the  supposition  that  the  earth  is  solid,  is  intended 
not  to  leave  that  case  unprovided  for. 

Finally,  a  word  for  the  mathematicians,  of  whom  I  make  no  pre- 
tension to  be  one.  So  long  as  certain  questions  cannot  be  touched 
without  their  aid,  their  vocation  will  be  a  needful  and  an  honour- 
able one.  The  present  feud  seems  a  re-enactment  of  the  fable  of  the 
belly  and  the  members.  Mathematics  has  been  likened  to  a  mill. 
I  will  extend  the  simile,  and  call  the  mathematician,  not  the  miller, 
but  the  millwright  The  experimentalist  is  the  grower  of  the  com. 
If  the  com  is  good  so  ¥rill  be  the  flour.  But  though  bad  com  be 
once  put  in,  and  bad  flour  come  out,  the  mill  is  as  good  as  ever  ;  and 
80,  if  a  false  numerical  result  be  introduced  into  a  problem,  the  mere 
substitution  of  a  correct  one  will  bring  a  correct  result  Few  men 
can  be  accomplished  on  all  sides,  and  the  shortcomings  of  the 
mathematician,  as  an  experimentalist,  will  best  be  met  by  kindly 
suggestions  from  his  more  accomplished  fellow  wDrkers  in  other 
portions  of  the  vast  fields  of  science. 
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IV. — ^Thb  Liquefaotiov  of  Books. 

By  Dr.  T.  Stbrry  Huwt,  F.R.8. 

THE  number  of  Scientific  Opinion  for  October  27  (page  457), 
contains  a  note  by  the  Rev.  Osmond  Fisher,  calling  attentioii 
to  a  suggestion,  with  regard  to  the  liquefaction  of  deeply  buried 
rocks,  made  by  him  in  a  paper  read  before  the  Cambridge 
Philosophical  Society  in  April,  1868,  and  since  published  in  the 
Transactions  of  that  Society.  In  a  notice  of  this  paper  by  him,  in 
the  Geological  Magazine  for  November,  1868,  Mr.  Fisher  inaifits 
that  deeply  buried  and  intensely  heated  portions  of  rock,  which,  in 
accordance  with  the  conclusions  of  Mr.  Hopkins,  are  kept  in  a  solid 
state  by  great  pressure,  may,  by  a  diminution  of  pressure  consequent 
upon  movements  of  the  earth's  crust,  assume  a  liquid  condition,  and 
thus  give  rise  to  lavas.  This  suggestion  is  however  claimed  by  Mr. 
Scrope,  in  a  communication  to  the  same  Magazine  for  Deoember, 
1868,  as  his  own,  and  as  having  been  put  forward  by  him  in  both 
editions  of  his  now  classic  work  on  Yolcanos.  This  statement  of 
Mr.  Scrope  was  questioned  by  Mr.  Fisher  in  the  Qeologioal 
Magazine  for  January,  1869,  and  Mr.  Scrope  does  not  appear  to 
have  replied.  In  a  paper  in  the  same  magazine  for  June,  1869,  I 
have  referred  to  this  view  as  belonging  to  Mr.  Scrope,  and  as  aLw 
advocated  by  Mr.  Fisher,  who  has  availed  himself  of  the  republioa- 
tion  of  my  paper  in  Scientific  Opinion  for  October  20,  to  re-assert  his 
claim  to  be  the  originator  of  this  view,  and  to  demand  either  of  Mr. 
Scrope  or  myself  some  justification  of  our  assertions. 

I  might  leave  to  Mr.  Scrope  the  task  of  vindicating  himself,  and 
rest,  so  far  as  I  am  concerned,  upon  his  statement  in  the  Geological 
Magazine  for  January,  1868,  but  having  before  me  Mr.  Scrope's 
book  on  Yolcanos  (edition  of  1862),  I  venture  to  call  attention  to  a 
passage  therein,  which  has  probably  escaped  Mr.  Fisher's  notice, 
where  Mr.  Scrope  concisely  speaks  of  ''  the  extravasation  and 
ebullition  of  subterranean  mineral  matters  (known,  so  far  as  we  are 
acquainted  with  them,  to  contain  water),  which  increased  tempera' 
ture  or  diminished  pressure  has  liquefied  and  caused  to  e£fervesoe  " 
(page  309).  Elsewhere  he  speaks  of  the  imperfectly  liquid  con- 
dition of  the  matter  underlying  a  volcanic  vent,  as  varying  from 
time  to  time  '^  according  to  circumstances  of  temperature  and 
pressure,*^  and  proceeds  to  show  that  '*  changes  in  position,  hulk, 
weight,  cohesion,  and  consequent  resistance  of  the  rocks  above  "  are  to 
be  considered,  as  well  as  the  variations  in  the  rate  of  heat  from 
below  (page  266).  These  passages,  in  which  I  have  italicised 
certain  words,  will,  I  think,  establish  Mr.  Scrope's  claim  of  priority 
over  Mr.  Fisher,  whose  excellent  memoir  has  merits  enough,  which 
are  wholly  his  own. 

According  to  Mr.  Scrope's  view,  rocks  may  be  melted  either  by 
increase  of  heat  or  by  diminution  of  pressure,  and  congealed  by 
diminution  of  heat  or  by  increase  of  pressure.  This  would,  doubt- 
less, be  the  case  if  the  simple  igneous  fusion  of  anhydrous  rooks 


S.  V.  Woody  Jun. — Sequence  of  the  Glacial  Beds.         61 

•ere  in  qaestion ;  bat  admitting,  as  I  do  with  Mr.  Sorope,  that  the 
cocks  involved  in  these  processes  all,  so  far  as  we  know,  contain 
irater,  there  probably  intervenes,  as  I  have  elsewhere  endeavoured 
bo  show,  a  different  law.  As  explained  in  a  paper  on  the  probable 
last  of  volcanio  action  (Gkol.  Mao.,  June,  1869),  I  regard  the 
tiqiiidity  of  the  stratum  in  which  I  place  the  seat  of  volcanic  agency 
IS  due,  not  to  simple  igneous  fusion,  but  rather  to  an  igneo-aqueoos 
fuion,  as  maintained  by  Scrope,  Scheerer,  and  Elie  de  Beaumont, 
wbere  water  at  a  high  temperature,  aided  by  pressure,  produces  a 
ftam  solution.  As  I  have  there  endeavoured  to  show,  pressure,  which 
m  the  first  case,  that  of  simple  fusion  of  anhydrous  materials,  prevents 
liqiie&otion  by  preventing  expansion,  in  the  second  case,  on  the 
ecmtraiy,  favours  liquefaction  by  promoting  solution  of  the  water- 
impregnated  mass.  As  Sorby  has  shown,  a  conversion  of  mechanical 
into  chemical  force  appears  in  the  increase  of  solubility  under 
preMore.  In  other  words,  pressure  prevents  fusion  when,  as  in 
most  instances,  it  is  a  process  of  expansion,  but  favors  solution,  which 
10,  with  few  exceptions,  a  process  of  contraction.  Now  since  I  place 
tlie  seat  of  volcanic  action  in  a  region  where  solution,  rather  than 
ample  fusion,  is  the  cause  of  liquidity,  I  am  led  to  regard  pressure 
as  one  of  the  efficient  causes  of  the  liquefaction  of  rocks,  and  to  re- 
gard its  diminution  as  lectding  to  solidification.  This  conclusion, 
tiiough  in  contradiction  to  the  letter  of  Mr.  Scrope 's  teaching,  will 
not,  I  venture  to  hope,  be  rejected  by  the  master  who  first  taught  us 
the  true  cause  and  nature  of  the  liquidity  of  lavas. 
MoiinLBAL,  Deeembtr  7,  1869. 


V. — Observations  on  the  Sequence  of  the  Glacial  Beds. 

By  S.  V.  Wood,  Jun.,  F.G.S. 
PART  II. 

(Concluded  from  the  January  Number,  page  22.) 

Turning  now  to  the  physical  evidence,  it  is  well  known  that  the 
Moel  Tryfaen  bed  is  1390  feet  above  the  sea-level ;  and  a  depression 
which  would  bring  the  sea  up  to  that  point  would,  unless  we  suppose 
a  g^reat  change  in  the  relative  elevations,  place  the  Chalk  many 
hundreds  of  feet  beneath  the  sea. 

The  Middle  Glacial  beds,  which  are  chiefly  composed  of  chalk  flints 
in  the  East  of  England,  are  also  largely  charged  with  the  same 
material,  as  far  as  I  have  traced  them  into  the  Oolitic,  the  Liassic, 
and  even  the  Triassic  distncts ;  and  they  never,  so  far  as  I  have 
traced  them,  rise  to  elevations  exceeding  420  feet,  which  is  near 
Bogby.  In  East  Anglia  they  usually  cease  between  200  and  250  feet, 
the  bed  e"  overlapping  them,  and  extending  up  the  higher  elevations ; 
bnt  in  one  instance  (Danbury)  they  seem  to  go  to  the  height  of 
860  feet.  They  occur  at  all  less  elevations,  down  to  and  below  the 
present  sea-level.  It  is  difficult  to  imagine,  in  the  face  of  this,  that 
all  the  Chalk  could  have  been  below  the  sea-level  during  the  forma- 
tion of  the  Middle  Glacial ;  at  any  rate,  it  could  hardly  have  been 


62         S.  V.  Wood,  Jun. — Sequence  of  the  Glacial  Beds. 

depresBod  to  an  extent  sufficient  to  bring  the  sea  up  to  the  1890  feet 
level. 

More  important  than  this,  however,  is  the  faot  that  the  Middle 
Glacial  is  overlaid  by  the  great  chalky  clay  (e")  which  forms  the 
largest  member  of  the  whole  series,  both  in  thickness  and  extent^ 
covering  the  chief  parts  of  many  counties,  and  possessing  a  thickness 
that  seems,  before  denudation  reduced  it  to  all  thicknesses,  to  have 
generally  been  100  feet,  and  sometimes  to  have  much  exceeded  this. 

During  the  accumulation  of  the  whole  of  this  clay  the  Chalk  was 
undergoing  its  icy  degradation,  and  when,  therefore,  it  is  soaroely 

Erobable  that  the  land  could  have  descended  to  such  a  depth  as  would 
ring  the  sea  up  to  the  Moel  Tryfaen  level.  And  more  especially 
does  this  appear  in  the  fact  that  from  a  section  of  this  clay,  overlying 
the  Middle  Glacial,  I  obtained  a  piece  of  the  Red  Chalk  that  nowhere^ 
rises  to  elevations  exceeding  300  feet,  and  is  usually  much  lower. 
So  far  as  its  bearing  upon  the  relation  of  the  underlying  Middle 
Glacial  to  the  Cheshire  and  Moel  Tryfaen  beds  is  concerned,  this 
occurrence  of  lumps  of  red  chalk  at  the  base  of  the  great  chalky  olay 
is  as  significant  as  if  it  occurred  at  the  top. 

It  therefore  appears  to  me,  as  clear  as  anything  connected  with 
this  difficult  subject  can  be,  that  the  Moel  Tryfaen  bed  must  be 
posterior  to  all  the  beds  from  ^  up  to  and  inclusive  of  that  wherein 
the  Chalk  begins  to  disappear,  viz.,  e' ;  because  the  MoUuscan 
evidence,  as  far  as  we  have  really  got  at  it,  and  the  physical  evidenoe 
go  hand  in  hand  together  without  a  contradiction. 

How  far  this  Moel  Tryfaen  bed  may  be  identical  in  time  with  the 
bed  e,  a  clay  formed  without  any  contribution  from  the  Chalk  (and, 
as  it  appears  to  me,  under  a  great  submergence  that  had  engulfed 
the  Chalk  strata  beyond  the  reach  of  the  degrading  envelope  of  ice), 
I  venture  not  to  say ;  but  as  the  period  of  the  greater  emergence, 
to  which  I  have  before  adverted,  can  scarcely  have  been  other  than 
of  long  duration,  there  seems  ample  scope  for  placing  the  Moel 
Tryfaen  and  Macclesfield  sands  in  it  in  the  order  of  their  relative 
levels;  the  highest  being  the  oldest,  and  the  lowest  the  newest. 
Nor  does  there  seem  to  me  to  be  anything  in  the  evidence  offered 
by  Mr.  Darbyshire's  lists  that  is  repugnant  to  this,  such  difference 
as  exists  between  the  fauna  of  Moel  Tryfaen  and  that  of  the  Cheshire 
beds  rather  favouring  it ;  the  fauna  of  the  highest  bed,  that  of  Moel 
Tryfaen,  departing  somewhat  less  from  the  Arctic  character  than 
the  others.  In  this  point  of  view  they  would  seem  to  belong  to  the 
group  <2;  none  of  them  to  the  newest  of  that  group,  and  Moel  Tryfaen 
among  the  very  oldest. 

There  seems,  however,  some  dispute  as  to  the  position  of  the 
Cheshire  and  Lancashire  fossiliferous  sands  relatively  to  the  Boulder- 
day  of  those  counties,  some  Geologists  regarding  them  as  identical 
with  the  sands  which  intervene  between  the  Boulder-clays— or, 
perhaps,  intercalated  in  the  Boulder-clay  —of  that  part,  and  some 
not.     If  that  identity  do  exist,  I  have,  I  think,  pointed  out  enough 

^  I  think  that  this  holds  good  even  if  we  suppose  the  fragment  to  have  come  from 
one  of  the  pink  hands  of  the  true  chalk. 
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to  show  that  none  of  them  can  have  any  connexion  in  time  with 
the  Middle  Glacial  of  East  Anglia ;  but  if,  on  the  other  hand,  they 
be  not  identical,  the  question  then  arises,  how  far  this  middle  sand 
of  Cheshire  and  Lancashire  oflfers  grounds  of  identity  with  the  East 
Anglian  Middle  Glacial. 

In  the  fii-st  place  it  behoves  us  to  bear  in  mind  that  when  we  find 
at  Kelsea  a  gravel  and  sand  whose  fauna,  as  a  group,  offers  nothing 
ihat»  on  the  one  hand,  would  serve  to  identify  it  with  the  Middle 
Glacial,  or,  on  the  other,  with  the  Moel  Tryfaen  and  Cheshire 
fosfliliferous  sands,  overlaid  in  actual  section  by  a  clay  (that  of 
Heasle)  which,  though  containing  Boulders  (and  striated  ones,  too), 
is,  as  it  seems  to  me,  obviously  unconnected  with  the  Glacial  series, 
that  is,  with  the  beds  belonging  to  the  great  subsidence,  there  is  no 
primA  facie  reason  that  sands  should  be  identical  with  the  Middle 
Glacial  of  East  Anglia  merely  because  they  intervene  between  two 
Bonlder-clays,  or  are  intercalated  in  a  Boulder-clay,  as  the  case  may 
be.  Beyond  its  bearing  on  any  such  primd  facie  assumption,  there 
la  no  need  to  allude  further  to  the  Hessle  clay,  for  I  have  seen  no 
reason  as  yet  to  suppose  that  it  is  represented  in  the  north-west  of 
Ungland,  though  such  may  be  the  case. 

If  it  be  the  case,  however,  as  Mr.  Mackintosh  represents,*  that 
the  Lower  Boulder-clay  of  Lancashire  reaches  up  to  elevations  of 
1,200  feet,  then  it  is  difficult  to  conceive  that  there  can  be  any 
identity  between  this  clay  and  the  beds,  g  and  /*,  forming  the  East 
Anglian  Lower  Glacial,  for  the  following  reasons  : — The  organic 
remains  occurring  in,  as  well  as  the  structure  and  distribution  of  the 
beds,  h  indicate  that  the  little  elevated  counties  of  Norfolk  and 
Suffolk  were  only  partially  submerged  during  their  accumulation ; 
while  the  bed,  ^,  nowhere  reaches  higher  than  250  feet.  The  marly 
portion  of  this  bed,  g,  being  formed  of  the  material  of  the  soft  chalk 
of  Norfolk,  Suffolk,  and  the  adjoining  counties,  ground  down  by  ice, 
and  spread  out  in  a  nearly  pure  state  under  water,  and  the  brick- 
earth  portion  of  it  enclosing  huge  masses  of  the  same  marl,  intro- 
duced by  the  agency  of  bergs,  proves  that  such  chalk  was  not 
sufficiently  submerged  at  this  time  to  be  beyond  the  reach  of  the 
d^rading  action  of  the  icy  envelope.  The  principal  part  of  the 
chalk  so  supplying  the  material  of  g  does  not  lie  at  one-fifth  of  the 
elevation  thus  reached  by  the  lower  clay  of  liancashire,  and  even 
its  highest  eminences  fall  hundreds  of  feet  short  of  that  elevation ; 
and  we  can,  therefore,  scarcely  suppose  such  a  deposit  aa  g  to  be 
coeval  with  the  lower  clay  of  Lancashire,  possessing  the  range  in 
elevation  which  is  assigned  to  it.  To  suppose  this  Lancashire  clay  to 
have  been  formed  by  land  ice  would  not  help  the  matter ;  b^icause 
the  1,200  feet  elevation  must  have  been  reached  by  th  •  sea  before 
such  ice  as  that  to  which  the  Glacial  beds  are  due  could  be  arrested, 
so  as  to  form  a  moraine.  But,  indeed,  the  difference  between 
QlaciaP  clays,  due  to  land  ice,  and  those  due  to  marine  deposit,  is 

*  Quart  Joum.  Geol.  Soc.,  vol.  xxv ,  p  430. 

*  With  Posi-f/iaeial  beds,  when  the  Glaciers  were  arrcstel  befo'o  Ihoy  reached  the 
fea,  the  case  is  different;  and  beds  due  to  land  ice,  iu  their  true  bjusv,  may  ihenh&ie 
accumulated,  and  at  high  clevationB. 
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more  nominal  than  real ;  for  all  of  such  days  appear  to  me  to  be 
due — as  Mr.  Archibald  Geikie  has,  in  the  case  of  Scotland,  pointed 
out — to  the  Tast  moraine  *  which  was  extruded  from  the  Bubmerged 
foot  of  that  icy  envelope,  whose  termination,  during  the  Olaciil 
period,  as  it  is  now  in  West  Greenland,  was  never  short  of  the  sea. 
Such  moraine,  either  rafted  away  to  form  the  clays,  or  its  aolable 
and  finer  portions  taken  up  by  the  water  and  carried  away  in  ras- 
pension,  and  its  insoluble  spread  out  by  the  currents  to  form  the 
sands  and  gravels,  seems,  according  to  my  apprehension  of  the  caaei 
to  have  supplied  the  whole  of  the  beds  of  the  true  Glacial  serioi^ 
that  is,  those  formed  during  the  subsidence,  except,  perhaps,  the 
very  earliest — the  pebbly  sands,  and  even  those  partially  so ;  the 
whole  series  being  thus  (but  with  one  considerable  altematiim.  of  the 
contrary  kind  between  g  and  /)  retrogressive  in  their  character,  aa 
the  moraine  followed  the  ice  in  its  recession  from  the  action  of  the 
sea  during  the  progress  of  the  subsidence. 

All  that  has  been  written  of  the  Lancashire  and  Cheshire  Drift, 
and  of  the  Mollusca  from  it,  since  it  was  described,  in  its  general 
features,  by  Mr.  Binney  in  1842,'  and  by  Mr.  Trimmer  in  1846,* 
leaves  the  impression  on  my  mind  that  none  of  it  belongs  to  any 
older  part  of  the  Glacial  series  than  the  beds,  e,'^  e^,  and  e,  though  I 
would  not  be  understood  as  asserting  a  positive  opinion  that  such  is 
the  case.^  The  existence  of  two  Boulder-clays  divided  by  a  sand, 
whether  shown  by  isolated,  or  visible  in  repeated  sections  over  a 
considerable  space,  seems  to  me  illusory,  so  far  as  it  offers  any 
ground  of  congelation,  because  along  the  Yorkshire  coast,  north  of 
Bridlington,  the  purple  clay  without  chalk  (d  of  the  Table)  iB 
divided  into  two  parts  by  sand  beds,  often  of  considerable  thickness, 
which,  though  not  actually  continuous,  are  of  such  length  and 
frequency  that  inland  sections  would  convey  the  idea  that  they 
formed  a  continuous  deposit.  So  also  along  the  great  Vales  of  Torl^ 
and  of  the  Tees'  mouth,  a  bed  of  sand,  apparently  continuous,  ia 
places  divides  a  lower  from  an  upper  Boulder-clay.  Whether  this 
upper  clay  be  the  Hessle,  and  this  sand  the  bed,  c,  or  not,  neither 
the  latter  nor  the  sand  so  threading  through  the  purple  clay  along 
the  coast  can,  according  to  my  apprehension  of  the  case,  have  any 
connexion  whatever  with  the  Middle  Glacial  of  East  Anglia,  the 
Boulder-clay  upon  which  these  sands  rest  belonging,  as  it  seems  to 
me,  to  the  beds  e  or  e^  according  as  their  position  occurs. 

With  respect  to  the  beds  of  Aberdeenshire,  described  by  Mr. 
Jamieson  in  1858,*  to  which  Prof.  Harkness  refers,  I  think  that  we 
should,  for  the  present,  suspend  our  judgment  as  to  an  identity  be- 
tween them  and  the  East  Anglian  Middle  Glacial,  until  a  question  of 

^  I  use  this  term  moraine  for  convenience,  but  in  strictness  there  is  little  or  no 
identity  between  the  «wd-glacier  degraded  material  thus  extruded  and  the  tupro' 
glacier  collected  material,  which  forms  the  principal  part  of  the  true  Alpine  moraine. 

»  Proc.  Manchr.  Geol.  Socy.  1842-3.    »  Quart.  Joum.  Geol  Soc.,  vol.viiMp.  20L 

*  Tlie  great  addition,  however,  made  to  the  fauna  of  the  Middle  Glacial  formation 
since  this  p*per  was  in  type,  seems  to  place  this  beyond  question,  and  to  prove  that 
the  Cheshire  and  I^ncasnire  beds  are  all  newer  than  this  formation. 

*  Quart.  Joum.  GeoL  Soc,  vol.  xiv.,  p.  609, 
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identity  between  these  beds  and  another  described  from  the  same 
neighbonrhood  by  Mr.  Jamieson  in  1860,^  under  the  name  of  Crag, 
is  answered.  The  shells  from  this  last  mentioned  deposit  were 
submitted  by  Mr.  Jamieson  to  my  father  at  the  time,  and  as  it  had 
not  then  been  decided  that  Tdlina  Balthica  {aolidvla),  which  was 
among  them,  was  not  a  Crag  shell,  and  as  the  rest  of  the  shells 
were  Crag  forms,  and  especially  as  they  comprised  Nassa  reticoaa 
yfur-rugosa,  it  was  reasonable  that  both  Mr.  Jamieson  and  my  father 
Bhonld,  as  they  did  assign  them  to  that  formation.'  The  presence 
of  this  Tellina  is  regarded  by  my  father  now  and  by  myself  as 
oonclosive  proof  of  the  Glacial  age  of  this  bed ;  and  there  seems 
every  probability,  from  the  combined  circumstances  of  its  being  a 
stratified,  sandy  gravel,  in  which  flints  are  common ;  of  its  under- 
lying Boulder-clay;  and  of  its  containing,  not  merely  Pectunctdua 
gkfctmerU  in  abundance,  but  also,  with  the  exception  of  this  Tellintif 
ezdnsively  Crag  forms,  that  this  deposit  is  the  East  Anglian  Middle 
Glacial. 

Whether  the  beds  so  described  in  1858,  and  embraced  by  Mr. 
Harkness  in  his  identification,  can  now  be  made  out  to  be  identical 
with  the  bed  of  1860,  it  is  for  Mr.  Jamieson,  or  others  who  are 
able  to  study  them  on  the  spot,  to  determine ;  for  Mr.  Jamieson, 
in  describing  these  supposed  Crag  sands,  confines  them  to  two 
parishes  only  out  of  the  extensive  tract,  thirty-five  miles  in  length, 
described  in  1858,  and  distinctly  negatives  any  identity  between 
them  and  the  principal  part  of  the  beds  of  the  Aberdeenshire  coast. 
I  think,  therefore,  that  we  are  bound  to  suspend  our  judgment  on 
the  age  of  these  1858  beds  until  this  point  is  cleared  up. 

The  magnitude  of  the  Middle  Glacial  formation  may  be  best 
illustrated  by  saying  that  the  formation  extends  (but  mostly  covered 
by  the  clay,  c")  over  nearly  all  of  the  three  large  counties  of 
Norfolk,  Sufiblk,  and  Essex,  besides  its  ramifications  into  the  more 
central  counties ;  and  there  is  some  reason,  I  think,  to  believe,  as  I 
pointed  out  some  years  ago,  that  it  spreads,  under  the  name  of  Sables 
de  Campine  of  A.  Dumont,  over  a  large  portion  of  Belgium  and  the 
parts  of  Europe  contiguous  thereto.  A  good  idea  may  be  formed  of 
its  mass  and  extent  by  the  line  of  railway  from  Colchester  to  beyond 
Woodbridge,  throughout  which  distance  the  cuttings  almost  ex- 
clusively traverse  it.  Those  who  hunt  for  fossils  in  the  Red  Crag 
will  find  that  formation,  wherever  the  denudation  has  not  descended 
too  low,  overlain  by  it 

I  have  expressed,  in  papers  read  before  the  Geological  Society,  . 
an  impression  that  I  entertain,  derived  both  from  physical  and 
palsBontological  evidence,  that  the  Glacial  beds  of  the  North  of 
England  are  all  newer  than  the  Middle  Glacial  of  East  Anglia ,  and 
it  seems  to  me  that,  with  the  exception  of  the  Aberdeenshire  beds, 
already  referred  to,  the  Scotch  beds,  Boulder-earth,  Boulder-clay, 
and  stratified  beds,  called,  though  of  di£ferent  ages,  all  Glacial,  from 

*  Qaart.  Journ.  Geol.  Soc.,  toI.  xri.,  p.  371. 

>  They  also  yield  Nueula  Cobboldioi  and  Voluta  Lambertu    Quart.  Joornal  Geol. 
Soc.,  Yol.  ixi.  p.  162. 
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fche  presence  of  many  ftrotio  ahella,  W8  all,  or  neatly  all,  of  flwi 

later  age,  and  bdonff,  aome  to  the  aorioi  «r,  «r,  and  ar  vid  thi^  liat 

to  the  earlier  part  of  the  atill  later  atMO,  wfaioh^  finr 

I  call  PosUgladal,^  that  ia,  to  the  period  of  fhA  prea* 

to  the  earlier  part  of  that  whkdi  auooeeded  it  in  tha  aoiA, 

the  beds  h  and  e.* 

The  Caithness  beda,  bioa|ditalaol^Mr,  HaikneaaiaAoidflMl^f 
the  East  Anglian  Middle  Sacial,aeem  to  offer  no  poiiift»  wbatoiar  l» 
support  any  such  oonolnaion.  It  \m  tbe  opinioii  rf  thttr  lalaai  daasrik 
ber,  Mr.  Jamieeon,'  that,  while  thay  oontain  a  siijEfciira  of  att^rfoa-ftrtfc 
Glacial  beds  of  earlier  and  ktor  datOp  they  belong  dlaffihai^Mtii^ 
later  part  of  the  Sootdh  aeriea;.  and,  aaroredly,  there  iaihoACag;]Bll» 
fauna  yet  described  from  them  which  would  admit  of  tliafe  htaidjriik. 
garded  as  of  similar  age  to  that  bed,  deaoribedin  I860!, aiaObifr iteii 
seems  to  me  to  be  the  Middle  OladaL 

As  I  propose,  at  a  fatnze  tinu)^  to  endeaifoiir  to  ahaw  !!» j)<owhJb 
for  this  opinion  as  to  the  relatively  newer  age  rfmoat  aiiSbB  fltoaMil 
beds,  I  shall  not  allude  further  to  them  here  than  to  obaarvtf  litftln 
none  of  the  Sootob  beds,  ezoept  that  of  AberiLecBahfaerbeftaesafaliat 
to,  which  contains  one  of  tiiraii,  hanre  ttere  yet  oooonad  attoh'  ahdb 
as  the  well-known  Crag  forma— TeOiaa  mreimm$,  IVKmm  flHiffi% 
Cardita  scalarit,  and  Nwida  OMMicB.  Of  theae^  ThUmm  prMwk 
occurs  in  the  East  Anglian  Lower  Gla<nal.  TeUina  chKqma  oodna 
in  the  same,  and  also  in  the  Middle  Glacial,,  and  at  Bkidlingtonb> 
Cardita  8calari$  occurs  in  the  Middle  Glacial,,  and  Nueidm  CoUoUim 
both  in  the  Lower  Glacial  and  in  the  Upper  (Bridlington). 

All  these  four  shells  were,  until  recently,  regarded  aia  <»»^?"^ 
The  two  first  are  still  unknown  living.  Cc^Ma  tealoHa  Im 
recently  been  identified,  by  my  father,  inth  Gardiia  a«i<rieoa»if 
Gould,  from  the  American  Norw  Pacific  coast,  and  Wucuta  ColMditt 
is  either  extinct  or  else  identical  with  another  Paoifio  abell,  Jfaealii 
LyaUi, 

With  those  who  attach  more  importance  toalistofahellaawiyHwW 
than  I  am  disposed  to  do,  these  shells  should  have  muck  we^;^;  fixr 
though  TelUna  ohliqua,  r^arded  by  most  palsBontologiats  aa  a  qme% 
was  looked  upon  only  as  a  variety  of  TeUina  ealoarea  (preah'ia  or  Ma^ 
by  Edward  Forbes,  and  described  as  a  syncmym  of  that  aheU  tfr  FMmH 
and  Hanley 's  Mollusca, — a  view  lately  adopted  also  by  Mr.  JoJ&wya^  ■■■ 
it  is  unknown  living.  Whether  a  variety  or  a  species,  however  (anl 
these  terms  appear  to  me  matters  of  degree  and  n(^  of  kind),  tha 
shell  is  of  equal,  and  indeed,  from  its  abimdanoe  in  moat  dapoaits 
where  it  exists,  of  greater,  geological  value  than  moat  ao-oalled 
species ;  for  it  is  one  of  the  best  marked  types  of  the  apper  Qng 
occurring  in  the  newer  part  of  that  formation,  the  (Siilleafoid,  iM 


1  It  will  have  appeared  from  the  earlier  part  of  tiiif  paper  tliat  I  lae  Ihs 

Pogt-fflaeial  in  a  Tcry  different  sense  from  tnat  in  which  it  is  used  Ij  the  Sooldk 

GeologistB. 


>  This  seems  also  to  hare  been  in  some  degree  the  opinion  of  the  laCs  Dr.  Wood- 
,  judfing  from  the  last  fiye  lines  of  h&B  pi4)6r  on  the 
Mao.,  Vol  1.,  p.  62. 


ward,  judging  from  the  last  fiye  lines  of  his  paper  on  the  fizidlingtoa  fnauu 
Iao.,  Vol  1.,  p.  62. 
*  Quart  Jonm.,  toL  rdL,  p.  880. 
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riflds,  in  asBOoiation  with  almost  aa  great  a  profiiaion  of  TeUina 
wurea  and  Tettina  pretemds,  the  three  fonns  heing  always  distinct 
the  Lower  Glacial,  though  TeUina  pretemus  becomes  somewhatr 
if  and  has  not  yet  occurred  higher  in  the  series,  the  other  two, 
[ma  Miqua  and  Tdlina  calcarea,  occur  in  abundance  in  that 
nation,  and  also  maintain  themselves  together  in  the  Middle 
cial,  and  even  into  the  Upper ;  while  TeUina  calcarea,  an  existing 
tic  shell,  alone  occurs  in  the  Scotch  beds.  TeUina  ohliqua,  having 
^  preceded  TeUina  calcarea  in  existence,  for  it  occurs  in  the 
aliine  Crag,  thus  preceded  it  in  extinction. 
Sonversely,  Mya  UddavattenBiSt  one  of  the  most  conspicuous  types 
the  beds  of  the  Clyde  basin,  occurring  also  in  the  Caithness 
dder  clay,  and  not  known  living  nefu*er  than  Canada,  is  unknown 
ill  the  English  Glacial  series  older  than  e;  but  it  is  mentioned  by 
.  Leckenby'  as  having  been  found  by  him  in  the  chalkless  purple 
f  of  Scarborough  cliffs,  which  Mr.  Borne  and  J  refer  to  the  similar 
£U- d.y.  ^  ,b»h  «p.  »»  d^  ^«.  dvdk  i.  »„  HoM»». 

rheae  circmnstances  seem  to  indicate  that  while  such  of  the 
itch  beds  as  yield  this  Mya  approximate  in  time  nearer  to  the 
irest  of  the  English  Glacial  series  (the  day  e)  than  to  any  other, 
ae  of  tile  beds  of  this  port  of  Britain,  except  the  one  in  Aberdeen- 
ra^  (and  saoh  extensions  of  it  as  may  prove  to  exist,)  and  perhaps 
I  at  KilmauTB  in  Ayrshire,  described  by  Dr.  Bryce^'  belong  to 
f  older  part  of  the  series  than  the  Upper  Glacial,  e"  er  and  e. 
Die  close  analysis  which  the  subject  requires  will  I  tmst  excuse 
I  length  to  which  this  paper  has  extended. 

EloTK. — Since  the  forcing  paper  was  written,  I  have,  with  the 
dstanoe  of  Mr.  Harmer,  largely  augmented  the  list  of  mollusca 
m  the  East  Anglian  Middle  Glacial.  The  number,  exclusive  of 
rend  that  cannot  be  reliably  identified  by  reason  of  the  obscurity 
the  iT^;ments,  is  now  56.  The  specimens  have  been  studied 
d  oompared  with  great  care  by  my  father ;  and  one  of  the  shells; 
Wamgelia,  appears  to  be  quite  new,  while  another  differs  sufficiently 
m  Mangeiia  Uneari$  as,  periiaps,  to  necessitate  its  separation. 
ith  the  exception  of  these  two,  and  of  TeUina  Balthiea,  the  whole 
»  Coralline,  Red,  or  Fluvio-marine  crag  forms;  and  include 
Rnia  obliqna,  Nuctda  Cobholdia,  Nassa  gramdata ;  N.  retico»a  var 
fUaa  Purpto'a  inerassaia,  TurriteUa  incrassafa  (this  in  profusion), 
rdiia  sealaris,  and  other  extinct  forms.  The  fauna  presents  great 
dmiLarity  from  that  of  the  Lower  Glacial  pebbly  sands,  on  the  ono 
nd,  and  ftt)m  that  of  Bridlington,  on  the  other ;  while  it  possesses 
affinity  with  any  of  the  following,  viz.,  Blackpool,  Moel  Tryfaen, 
loclesfield,  Severn  Gravel,  Kelsea-hill,  Glacial  beds  of  East  of 
Jtland,  or  the  Clyde  beds.  On  the  other  hand,  all  the  peculiarly 
ig  idiells,  enumerated  by  Mr.  Jamieson  from  the  Aberdeenshire 
Jrag  gravel "  of  1860,  except  Valuta  Lamberti  (and  that  even  I 
re  reason  to  believe  has  occurred  in  it),  are  among  this  56.  The 
ma  is  clearly  not  derivative,  and  it  has  a  preponderatingly 
Qdo.  Uaq^  YoL  II.y  p.  847.  '  doar.  Jour.  GeoL  8oc.  yoL  zzi.,  p.  216. 
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Soathem  aspect  The  details  will  be  giyen  in  my  paper  "  on  the 
relation  of  the  Boulder-clay  of  the  North  of  England  to  the  great 
Chalky  clay  of  the  South,"  when  published  in  the  Quarterly  Joomal 
of  the  Geological  Society. 


VI. — On  the  Millstone  Grit  op  the  Nobth  Wales  Bobdkb. 

By  D.  C.  Dayibs,  Oswestry. 

THE  Millstone  Grit  of  the  North  Wales  Border  follows  the 
eastern  slope  of  the  Carboniferous  Limestone,  from  Crickheath 
and  Sweeney,  South  of  Oswestry,  to  the  shores  of  the  Irish  Sea ;  it 
is  also  thrown  up  into  the  range  of  hills  which  the  traveller  by  the 
Great  Western  Bailway  may  see  to  the  west  of  the  line  between 
Oswestry  and  Chester.  This  range  serves  as  a  natural  boundary 
between  this  part  of  England  and  Wales,  and  forms  a  second  line  of 
natural  fortification,  strengthened  on  the  English  side  by  numerous 
outposts  of  low  hills  of  clay,  gravel,  and  sand,  which  give  place, 
upon  the  Welsh  side,  to  precipitous  escarpments  of  Mountain  Lime- 
Btone,  beyond  which  the  change  in  the  language,  dress,  and  manners 
of  the  people  is  marked  and  sudden. 

These  hills  are  composed  for  the  most  part  of  an  accumcdation  of 
sandstones,  of  very  variable  superficial  breadth,  a£fected  as  that 
breadth  has  been,  firstly,  by  the  area  of  their  original  deposition ; 
secondly,  by  the  amount  of  denudation  they  have  since  suffered; 
thirdly,  by  the  extent  to  which  they  are  covered  by  the  Coal 
Measures ;  and  fourthly,  by  the  disturbances  which  have  elevated  the 
sandstones  and  the  Coal  Measures,  leading  to  the  subsequent  denu- 
dation of  the  latter  from  o£f  their  surface.  Thus,  in  the  southern 
half  of  its  course,  say,  from  a  point  south-west  of  the  town  of 
Wrexham  to  Sweeney,  the  Millstone  Grit  presents  the  appearance  of 
a  continuous  band  of  variable  breadth,  while,  in  its  northern  con- 
tinuation, through  a  country  crossed  by  numerous  faults,  it  appears 
in  disjointed  patches,  among  the  Coal  Measures,  as  well  as  in  a  main 
band  following  the  course  of  the  Limestone  towards  Mold,  Holywell, 
and  the  sea. 

By  the  construction  of  a  branch  line  from  the  Cambrian  Railway, 
a  most  instructive  section  of  the  Grit  has  been  exposed  at  Sweeney, 
perhaps  the  most  complete  hitherto  obtained.  By  a  reference  to  this 
section  (See  Woodcut,  Fig.  1)  it  will  be  seen,  that  above  the  main 
body  of  Carboniferous  Limes1x)ne  there  rests  a  deposit  of  coarse  red 
and  purple  Sandstones,  containing  layers  of  pebbles ;  this  is  followed, 
in  ascending  order,  by  a  considerable  thickness  of  Calcareous  Sand- 
stones, containing  in  places  thin  layers  of  limestone,  and  these  in 
their  turn  are  overlain  by  a  series  of  yellow,  mottled,  and  brown 
beds;  the  whole  being  capped  by  a  deposit  of  pinky- white  sand- 
stone, becoming  in  places  pure  white.  Unfortunately,  in  this  section 
the  junction  between  the  Grit  and  the  Limestone  is  not  seen,  owing 
to  a  covering  of  drift,  but  if  we  travel  a  little  towards  the  north- 
west we  find,  first,  at  Treflach,  the  deep  red  sandstone  beds  passing 
downwards  into  a  purplish  calcareous  sandstone;  and,  in  Craigforda 
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wood,  we  find  the  junction  of  tbte  with  the  Hmeatone  proper  (See 
Woodcut,  Fig.  2).  The  Bection,  however,  which  host  iUnstrateB  this 
point,  ia  Been  in  a  trmall  and  comparatiTel;  unknown  quarry  at 
Carreg-j-big,  3^  miles  north  of  Oeweatry  (See  Woodcut,  Fig.  3), 
where  we  hare  at  the  base  the  limeatone  proper,  which  is  here  burnt 
for  Agricnltnral  use,  and  at  the  summit  thin  sandetones  of  the  Hill- 
stone  Orit.  It  will  thus  be  seen,  that  the  change  in  the  character  of 
the  deposits,  while  it  was  somewhat  gradual,  was,  in  the  Bouthem 
part  of  the  area  in  question,  marked  and  permanent.  There  were 
temporal^  cessations  of  the  supply  of  calcareous  matter,  at  Tarious 
periods  during  the  deposition  of  the  Carboniferous  Limestone,  as  ia 
evidenced  by  four  or  five  well-marked  ferruginous  shaly  beds  in  the 
lower,  and  of  hitumiuous  shales  in  the  upper  portion  of  that 
formation ;  the  supply  of  caloareouB  matter  became  subsequently  less 
and  less,  and,  with  the  exception  of  an  unimportant  outfiow  in  the 
middle  beds,  permanently  ceaaee.  These  remarks  are  however  only 
applicable  to  the  southern  half  of  the  area,  as  I  shall  have  occasion 
to  explain  presently. 

Fi»,  1.— Bactioa  of  Hillitone  Orit  at  Sweenej,  2}  mileB  Soatb  of  Oswcttrj. 


■  1   ■  -  ■ '  , < — i'^ 

'". — ^V"^^— ^ 

Bl    Ihse    bedi;    Cor»l.,    uncenum    .Hck. ;    Hhynthn. 

i.  Soft,  vhlle,  buff,  aolUri,  and  >lripcd  undiUmo,  with  tUn 

1.  Fine-Knlned  kivd  pde  luditonn,  vllh  ocFuiona]  Uym 
nllnlllcd  pluit  ind  izmclidE-mirldnfn. 

luenl  pockeu.  uppcd  with  Ihin  bedi  dipping  nnder 

tiS-^Z'Z^^^ 

sf  pebbln,  ud,  In  the  nne  bed*. 

Fia.  2. — Stetien  ihoiring  the  jnnctian  of  the  Hillatone  Grit  with  the  Catbooireroui 

T : .-_3^  in  CraigfonU  Wood,  3  milca  NJ4.W.  of  Oawertrj. 

UTCTMotd*. 
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Fig.  3.— S#otion  showing  thejimction  of  tiie  HiUstoiie  Grit  with  Umi  OuiMinfnopf 
Limestone,  at  CSurreg-y-big,  3^  miles  N.  oi  Oswistrj. 


2 

1 .  Masfive  grey  limMtone,  base  not  msb.  ILIb. 

5.  Dark  rrey  shale             ...           ...           ...           ...           ...           ...  ,-  «..  0    6 

t.  Orej  limestone  with  shale          ...           ...          ...          ...          ,»,  ...  ...  t   S 

4.  TeUowish  brown  elaj    ...           ...           ...           «..           «.           ^  ...  «..  1    6 

ft.  Concretionary  limestone             ...           ...           ...           ...           ^  ^  .^  0   6 

6.  Limestone  abounding  with  enorhiite  items           ...           ...           ...  .«  «•  10 

7.  Purplish  grey  arenaeeoos  limestone,  becoming  ttiuQif  towards  the  top  ...  •«  S    ' 


8.  Thin  pnrphsh  sandstones,  Millstone  Grit. 


7  11 


As  might  be  expected,  the  sandstones  are  of  yarions  degrees  of 
texture,  ranging  from  fine  to  coarse-grained,  whilst  layers  of  pebbles 
— varying  in  size  from  a  pea  to  an  egg — are  present  in  both  the 
lower  and  upper  portions  of  the  group,  the  calcareons  sandstones  in 
the  middle  being  most  free  from  them.  All  this  I  need  scaroely  say  ^ 
is  owing  to,  and  denotes  the  di£ferent  depths  of  water  in  which  the  ' 
whole  series  was  deposited, — from  the  strong  current  (tidal  or  other- 
wise)— and  shallow  water  in  which  the  pebbles  were  rolled,  to  the 
still  depths  in  which  the  fine  grains  of  sand  quietly  sank.  Both  the 
larger  pebbles  and  the  finer  sand  are  qf  quartz,  in  its  different  varie- 
ties; and  although  I  have  examined  many  blocks  of  sandstone  for  the 
purpose,  I  have  been  unable  to  detect  a  fragment  of  limestone,  and 
but  rarely  any  traces  of  the  older  slaty  and  porphyritic  rocks  of 
Wales.  Both  pebbles  and  sand  are,  as  stated  by  Sir  B.  Murdhison, 
in  his  "Silurian  System,"  cemented  together  in  a  paste  of  felspar, 
but  the  distribution  of  the  felspar  is  very  unequal.  Thus,  in  the 
uppermost  beds  of  the  section  at  Sweeney,  we  find  considerable  layers 
of  felspathic  clay,  succeeded  by  thick  beds  of  sand,  in  which  it  is 
scarcely  present,  and  some  even  from  which  it  is  totally  absent,  the 
sand  simply  cohering  from  surrounding  pressure,  and  when  this  is 
removed  becoming  loose  sand  (white  generally),  which  can  be  dug 
out,  as  it  is  sometimes,  and  used  in  mortar.  The  various  beds  are 
also  coloured  by  metallic  oxides,  peroxide  of  iron  being  largely 
present  in  the  deep  red  beds,  manganese  in  the  speckled,  and  copper 
here  and  there  giving  a  greenish  tinge,  as  at  Sweeney  and  Trevor. 

In  the  8-feet  bed,  near  to  the  top  of  the  Sweeney  section,  there 
are  some  curious  ''  Pockets,"  which  illustrate  both  this  unequal  dis- 
tribution of  felspar,  and  the  varied  colouring  of  the  rook.  These 
Pockets  differ  from  all  those  I  have  hitherto  observed  or  seen  des- 
cribed, in  that  they  are  horizontal,  and  not  perpendicular,  extending 
laterally  into  the  rook,  not  simple  vertical  cavities  on  its  surfaoe.     I 
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BTS  s  rMnwtnUfictt  of  khm  of  Amb  (Sn  Woodmt,  ^s.  4-T). 
At  fint  Rgfct  tttey  bear  lOBie  raaemblaiioe  to  the  etxtcntiona  irtucb 
sn  80  »bandKiit  in  the  Wenlot^  SmIc  of  Korth  Wales,  bat  tbeie  k 
tins  diSerenOe,  thit  wheraM  ttn  Voilodc  Shale  examples  are  con- 
cretions of  a  harder  naton  than  the  Burroan^ng  rock,  and  are 
formed  aromtd  a  OTstalline  central  nnclem,  or  cavity,  filled  wiA 
erTstalline  matter,  tfaeee  in  dw  Grit  are  cavities  with  no  peroeptiUe 
Oidet  or  inlet,  filled  with  loose  brown  sand,  gathered  aroond  a 
nnclena  of  white  or  yellowish  cUt,  the  snRottiiding  rock  beii^ 
nearly  'wfaita-  Atonnd  the  outer  margin,  as  in  figs.  4  and  7,  tbers 
■re  ^ndritic  markings ;  and  sometimes,  as  in  figs.  6  and  T.  dark  Hnea 
of  minoal  matter  enter  the  sarroaDding  ro^ ' 
Pocketi  in  Oc  XCbtcnr  Grit  it  S' 


iw,  bed  Ko.  I  ol 

My  deecription  of  the  beds  bo  far  has  been  drawn  principially 
bom  the  sections  south  and  west  of  Oswestry,  but  in  many  respects 

■  It  ii  difficult  to  (nonat  far  the  origin  of  these  Poclets,  and  it  is  irith  diffidence 
tt>t  I  *entiire  to  offer  (he  fullosiDgm^cstioTi.  ni. :  That  in  tlie  centre,  irhere  we 
now  find  tbe  clay,  there  «u  originallj  ■  concretion  of  tnioeral  mailer ;  neit,  b; 
electio-elieniical  i^nej,  sneh  48  is  supposed  to  haie  aidt?)!  in  the  (ormatioD  of  eome 
mineral  Teini,  tbu  mineral  matter  was  disseniinated  around  to  the  bonndary  of  the 
peaeDt  pocket,  and  the  felspalhic  cliy— the  cementing  matrix  of  the  rock — concreted 
■ato  the  oentnl  caiicy  thns  made  b;  the  dispersion  of  the  minetal  btae,  leaTing  the 
Band,  which  had  become  ditcolonnd  bj  the  diapenioQ  of  the  mineral  matter,  sinpl]' 
coluiing  bf  the  foroe  of  the  nuronnding  rock. 
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it  holds  good  of  the  formation  generally.  There  are,  however,  local 
yariations,  as  might  be  expected,  arising  from  local  causes,  which 
affected  the  original  mode  of  deposition ;  as,  for  example,  the  degree 
of  intensity  of  the  currents,  and  the  nature  and  amount  of  the 
materials.  It  may  therefore  be  interesting  to  note  a  few  of  the  local 
changes  that  occur  as  we  follow  the  formation  northwards  finom 
Sweeney.  At  the  southern  end  of  Cym-y-broch,  north-west  of  Os- 
westry, the  beds  corresponding  to  the  upper  26  feet  of  the  Sweeney 
section  are  changed  in  colour  to  yellow,  and  become  in  their  upper 
portion  very  cherty  and  splintery.  The  uppermost  beds,  seen  in  a 
quarry  on  the  right  of  the  road  from  Oswestry  to  Llansilin,  near  the 
Bacecourse,  become  flaggy,  and  are  covered  with  well-defined  rip  pie 
marks.  In  the  Forest  quarry,  on  the  north-west  side  of  the  Oswestiy 
Bacecourse,  there  is  a  bed  corresponding  with  the  pale  hard  fine- 
grained sandstone  of  Sweeney,  which  becomes  very  coarse  and 
pebbly,  and  contains  in  its  finer  portions  well-defined  crystals  of 
felspar.  Over  this  there  is  a  bed,  one  foot  thick,  which  is  literally  an 
agglomeration  of  pebbles,  covered  by  an  irregular  deposit  of  sand, 
pebbles,  and  sandstones,  about  3  feet  thick. 

Section  of  Millstone  Grit  at  Trevor,  near  Llangollen. 

[This  section  was  kindly  given  to  me  by  the  Messrs.  Roberts,  of  Oarth  Quarrr,  Treror,  from  a 
record  of  borings  made  below  their  qnarnr,  in  the  78ft.  of  Sandstone  at  the  head  of  the  section.] 

Thin  seam  of  Coal.— Base  of  the  Coal  Measures.  Thidmeai. 

Compact  Sandstone,  with  crystals  of  felspar,  varying  in  texture  fhxm  a  coarse  coa-  ft.  in. 

glomerate  to  fine  grained  sandstones  used  for  building  purposes ...  ...  ...  78    • 

Dark  grey  clayey  shale      ...           ...           ...           ...           ...           ...  ...  ...  0    9 

Grev  flinty  stone  ...           ...            ...           ...           ...           ...           ...  ...  ...  4    9 

vvniie  snaie          •••           ...           ...           ...           ...           ...           ...  ...  ...  •    * 

Dark  grey  shale,  with  iron  pyrites ...           ...           ...           ...           ...  ...  ...  9    • 

Hard  white  sandstone        ...           ...           ...           ...           ...           ...  ...  ...  16    0 

White  cUt  and  chert         ...           ...           ...           ...           ...           ...  ...  ...  6    0 

isiacK  SDaie           ...           ...           ...           ...           ...           ...           ...  ...  ••.  "    * 

Hard  cherty  rock ;  decomposes  into  rotten  stone      ...           ...           ...  ...  ...  6    0 

siacK  sQaie           ...           ...           ...           ...           •••           ...           ...  ...  ...  '    " 

JtiarQ  rocK             ...           ...           ...           ...           ...           ...           ...  ...  ...  •    • 

uiacK  snaie           ...           ...           ...           ...           ...           ...           ...  ...  ...  "    * 

Jciaro  rocK             ...           ...           ...           ...           ...           ...           ...  ...  ...  '    " 

* iXv ^ciBy ...            ...            ...            ...            ...            ...            ...            ...  ...  ...  ^    V 

Ditto  and  sand      ...           ...           ...           ...           ...           ...           ...  ...  ...  I    8 

Rnck  0  10 

**vv»  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...  ^      "^ 

w  nive  nocK  ...  ...  ...  ...  ...  ...  ...  ...  #•*  "    ' 

Brown  ditto  ...  ...  ...  ...  ...  ...  ...  ...  ...  0  10 

Dark  shalv  rock  ...  ...  ...  ...  ...  ...  ...  ...  ..«  0  10 

JDiacK  snaie  ...  ...  ...  ...  ...  ...  ...  ...  ...  "    * 

▼T  nice  rocK  ...  ...  ...  .,,  ...  .•.  ...  ...  ...  v    ^ 

wOaie       ...  ...  ...  ...  ...  ...  ...  ...  ...  •••  '    " 

Limestone  (metalliferous).  [N.B.— Broke  my  chisel]  ...  ...  ...  ...  1    S 

1S8    I 

Section  taken  along  the  ontcrop  of  tbe  beds  to  the  junction  of  the  Grit  with 
the  Limestone.    The  figures  must  be  regarded  as  approximately  correct 

White  cherty  limestone,  in  thin  splintery  beds,  below  a  solid  bed  of  limestone,  1ft.  6ln. 

thick,  corrmponding  with  the  base  of  section  above       ...           ...           ...           ...  16  0 

Hacaive  white  sandstones  with  pebbles,  forms  two  ridges     ...           ...           ...           ...  40  0 

„          „            „                „              fomning  a  lower  ridge           ...           ...           ...  27  0 

Brown  sandstones,  a  little  calcareous,  passing  downward  into  a  lighter  oolour  of        ...  8  0 

Yellow  and  brown  sandstones         ...           ...           ...           ...           ...           ...           ...  4  0 

Pink  and  white  variegated  sandstones         ...           ...           ...          ...          ...          ...  SO  0 

Calcareous  sandstones       ...                        ...           ...           ...           ...           ...           ...  35  0 

Yellowish  white,  with  darker  coloured  ditto,  with  purple  calcareous  spots     ...           ...  8  0 

Thin  flaggy  buff  and  yeUow  sandstone  beds,  in  places  honeycombed  by  decompotition  of 

mineral  matter,  as  at  Cragford  and  Bronygarth...          ...          ...          ...           ...  8  0 

resting  on 


Pale  limestone,  few  fossils,  near  the  lunotion,  but  paaaing  downwards  into  an  enerinital 
and  coralline  limeatone.  Top  ox  the  main  body  of  Carboniferous  Limestone  of  tbe 
Bglwseg  Books. 
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Fw.  8.— SeetioD  of  HiBilmie  Orit,  with  iotaratnitiBed  limeatonei,  3}  miles  west  i 
Mold,  Flintshire. 
Gomel-lcdw.  Vijvgwjt,    Pm-r-mjnjdd. 


Passing  on  to  Trevor,  threo  miles  east  of  Llangollen,  we  havo 
the  npper  beds  mad^  up  (as  shown  in  the  Hccoiupanying  Trevor 
section)  of  compact  Bani3stone,  with  cryKlals  of  felapar,  ranging  in 
texture  from  a  coarse  fi-iablo  conglomerate  to  a  fine-grained  sand- 
stone. This  character  it  maintains  (omitting  tlio  friable  conglomerate) 
to  Mold,  in  Flintshire,  where  it  forms  the  topmost  sandstone  of  the 
Mold  section  (see  Woodcut,  Fig.  8).  The  basement  heds  at  the  two 
extremities  of  the  formation  differ  considerably  ;  at  tho  southern 
end  they  are  red  and  purplish  sandstones  ;  at  the  northern  termi- 
nation, on  the  Ormes  Head,  we  find  the  main  body  of  the  limestone 
immediately  succeeded  by  a  succession  of  chcrty  beds.  The  middle 
beds  preserve  their  calcareous  character  throughout  the  entire  area, 
becoming  more  decidedly  calcareous  in  their  passage  northwards;  for 
example,  taking  three  points  at  about  eijual  distances,  we  have — 

(BmUlI  MS-wrrarj  |l  milr].  Tronr  [llinilM|.  Mold  (30  mil").         (North.) 

GilHirroil.  HndntullH,        Ifl.  6in.    llmdonB,    Ififl.        About  laOtl.  llinl- 
with  aceu>on>l  iUd  cherty  dltlo,  calcunui  none. 

S^Wc^!    ^^'^  *««■  i***'*- 

So  rapid  is  the  increase  of  calcareous  matter,  in  the  last  fifteen 
miles,  that  it  is  difficult,  when  looking  at  the  Mold  section,  to  say 
whether  we  have,  as  shown  on  the  Govemroent  Survey  maps.  Mill- 
stone Grit  with  bands  of  limestone,  or,  limestone  interstratified  with 
beds  of  grit. 

(To  it  cOHCludtd  in  our  ntxl  Sumber.J 


74    Prof  emir  T.  Rupert  Janes — Cretaceous  JbUamostram. 
YJL — ^NoTBs  OK  THK  Cbktaobous  Entohostraca. 

Bj  Prof.  T.  BuFKST  Jovn,  F.Q.B.,  of  the  Royal  Military  College,  Sandbunt 

I  HAVE  lately  been  urged  to  revise  the  Cretaceous  species  of 
Entomostraca,  enumerated  in  my  Monograph,  published  by  the 
PalsBontographical  Society  in  1849.  This  I  ought  to  have  done  ten 
years  ago,  after  the  publication  of  memoirs  on  the  Cretaoeoofi 
flntomostraca  of  Germany,  the  Netherlands,  etc.,  by  Beuss,  Bosquet, 
and  others,  wherein  some  of  my  determinations  of  species  are  cor- 
rected from  actual  comparison  of  specimens.  An  improved  classi- 
fication was  attempted  in  my  Monogr.  Tert  Entom.,  1856;  bat 
a  total  revision  is  still  more  necessary  now,  because  the  late 
researches  by  Sars  and  G.  S.  Brady,  in  the  structure  and  diaracter 
of  the  recent  Entomostraca,  have  multiplied  and  elucidated  species 
and  genera  of  these  little  bivalved  Crustacea  to  an  amazing  extent. 
So  dearly  has  Mr.  Brady's  "Monograph  of  the  recent  British 
Ostracoda"  (Linnean  Soc.  Trans.,  1868),  in  particular,  defined  the 
several  groups,  that  we  may  in  very  many  cases  form  a  safe  opinion 
of  alliances  from  the  shape,  hinge,  and  other  characters  of  the 
carapace-valve,  at  least  feu*  more  satisfactorily  than  when  in  1849 
(Monogr.  Cret  Entom.),  and  in  18o6  (Monogr.  Tert  Entom.),  I 
laboured  to  institute  some  definite  distinctions  for  fossil  Entomostraca, 
founded  on  these  characters. 

The  interchange  of  specimens  above  alluded  to  has  cleared  away 
some  obscurities ;  but  others  remain,  and  I  hope  to  go  over  aU  my 
old  work  some  day,  with  the  new  lights,  and  to  reproduce  the 
necessary  figures  for  illustration  of  our  Cretaceous  species,  on  a 
smaller  scale,  and  with  much  clearer  and  more  accurate  drawing 
than  we  find  in  my  Monograph  of  1849.  For  the  present,  I  offei 
the  subjoined  remarks  on  the  published  British  species. 

1.  Cythere  Hiheana  (Rodmer),  Monogr.,  p.  10.  M.  Bosquet,  having 
compared  some  specimens,  found  that  this  is  not  Boemer's  U 
HiUeanay  and  named  it  G.  Jonesiana  in  his  Desoript.  Ent.  foss.  tert. 
p.  38  (1852),  and  in  his  Crust,  foss.  Limbourg,  p.  74  (1854).  Ii 
my  Monogr.  Tert.  Entom.,  p.  45,  however,  I  show  that  Eoemer's  C 
perforata^  Bosquet's  Bairdia  perforata^  and  the  species  in  questiox 
(which  is  a  Cytheridea),  are  the  same.  It  stands  therefore  ai 
Cyiheridea  perforata,  Roemer,  sp. 

2.  Oythere  punctattda  (Eoemer).  Monogr.,  p.  11.  M.  Bosquet  hai 
shown  that  this  is  not  Eoemer's  C.  punctattda,  which,  he  says,  ii 
probably  the  young  of  C.  Hilseana  (Crust,  foss.  Limbourg,  p.  72) 
Eeuss  first  named  it,  and  it  is  to  be  registered  therefore  as  Cytheri 
concentrica,  Ess. 

3.  Oythere  umhonata  (Williamson).  Monogr.,  p.  12.  This  appear 
to  me  to  be  probably  a  Oytheropteron,  as  defined  and  figured  b; 
G.  S.  Brady  in  his  "Monogr.  recent  British  Entom."  and  othe: 
memoirs. 

4  and  5.  Oythere  faha  (Ess.),  and  Oythere  Bairdiana  (Jones) 
Monogr.,  p.  13.  These  appear  to  be  rightly  placed  as  to  genuf 
though  neither  is  well  defined;  the  former,  however,  is  not  Eeuss' 
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C,  faha  (see  Beoas's  remarks  on  this  point  in  the  "  Zeitsdh.  d.  g. 
Gee./'  1855,  vol.  vii.,  p.  278),  and  therefore  must  have  another 
name.     I  regiBter  it  as  C.  nmfdat<L 

6.  Ojfikereis  interrupla  (Bosquet).  Monogr.,  p.  16.  Aeoording  to 
my  fiiend  M.  Bosquet,  this  is  decidedly  different  from  his  species. 
It  requires  therefore  another  name.  As  Cythereis  is  now  meiged  by 
O.  S.  Brady  in  Cythere,  on  anatomical  grounds  (Mon.  rec.  Brit. 
Entpm.,  p.  401),  I  term  this  well  marked  species  Cyihere  Harrinana, 
after  Mr.  Harris,  F.G.S.,  of  Charing,  to  whose  researches  we  were 
indebted  for  the  specimens. 

7.  Cyih&reU  Oatdtina  (Jones),  Monc^.,  p.  17,  is  a  Oythere. 

8.  Cythereis  macrophthalma  (Bosquet).  Monogr.,  p.  17.  This  also 
is  a  Cy there  for  the  reason  above  given.  M.  Bosquet  doubts  if  it  be 
tihe  same  as  his  species ;  but  I  see  no  reason  to  hesitate  in  the  deter- 
mination, looking  at  the  English  and  foreign  specimens. 

9.  Oyihereis  triplieata  (Bcemer).  Monogr.,  p.  18.  A  well  marked 
CJyihere. 

10.  Oythereta  quadrilatera  (Boemer).  Monogr.,  p.  18.  Another 
Cyihere.  M.  Bosquet  doubts  its  being  distinct  from  the  next 
moitioned ;  but  I  prefer  to  keep  them  separate,  as  their  young  forms 
differ. 

11.  Oyihereis  ciliata  (Eeuss).  Monogr.  p.  19.  Dr.  Reuss  having 
shown  his  specimens  to  M.  Bosquet,  the  latter  has  decided  that 
C.  omaiisaima  (Hss)  and  C.  ciliata  (Ess),  are  the  same ;  and,  as 
*^  omatiseima  "  precedes  the  other  name,  it  must  be  adopted. 

12.  Cythereis  Lonsdaleiana  (Jones).  Monogr.,  p.  20.  A  good 
Cythere, 

13.  Cythereis  comuta  (Roemer).  Monogr.,  p.  21.   M.  Bosquet  has 
taken  much  trouble  with  this  form.     He  thinks  it  cannot  be  Roemer*S' 
**eomutn,'^  and  probably  with  reason.     It  may  be  registered  as  a 
variety  of  Cythere  omatissima, 

14.  Cythereis  alata  (Bosquet).  Monogr.,  p.  21.  This  Cythere 
retains  its  name. 

15.  Bairdia  svbdelloidea  (Miinster),  Monogr.,  p.  23.  Name  un- 
altered. In  this,  as  in  other  cases,  the  Tertiary  and  Recent  forms 
referred  to  in  the  Monograph  as  being  of  the  same  species  require 
complete  revision.  Mr.  G.  S.  Brady  has  described  some  of  them  as 
distinct ;  and  the  Rev.  A.  M.  Norman  has  determined  the  "  narrow 
variety"  from  Arran  to  be  also  distinct  {B.  inflaia), 

16.  Bairdia  siliqua,  and  two  varieties  (Jones).  The  large  form, 
or  B»  siliqua  proper,  is  a  MacrocypriSf  near  to  M,  Minna,  Baird,  sp. 

Var.  a  is  also  probably  a  Macrocypris,  and  I  am  inclined  to  place 
it  with  Miinster's  "  Cythere  arcuata"  as  Jlf.(?)arcuato,  Miinster,  sp. 

Var.  /8  is  a  different  form  altogether,  possibly  a  Paracyprts, 
resembling  **  C.  arcuata,  var.  gracilis"  Bosquet  It  may  be 
registered  as  Paracypri8(?)  gracilis, 

17.  Bairdia  Harrisiana  (Jones).  Monogr.,  p.  25.  Stands  good. 
M.  Bosquet  thought  he  recognized  this  form  in  his  Cytheridea 
Harrisiana  (Crust  foss.  Limbourg,  p.  63,  pi.  5,  fig.  5),  but  Mr. 
Brady  shows  he  is  wrong  (Trans.  Zool.  Soc.  1866,  p.  363), 
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18.  Bairdia  angusta  (Munster).  Monogr.,  p.  26.  This  is  a 
Cytherideia ;  and  though  the  specific  determination  is  doubtful,  being 
based  on  Count  Munster*s  vague  description^  yet  I  do  not  propose  to 
interfere  with  it. 

19  and  20.  Bairdia  triquetra  (Jones),  and  Bairdia  ailietda  (Jones). 
Monogr.y  p.  27.  These  are  not  well  defined,  but  most  probably 
belong  to  the  genus  Bairdia. 

21.  Cytherdla  ovata  (Roemer).  Monogr.,  p.  28.  A  well-known 
species. 

22.  Cyiherella  truncata  (Bosquet).  Monogr.,  p.  80.  M.  Bosquet  is 
satisfied  that  this  is  the  same  as  Cyiherella  Muensteri,  Roemer,  sp. 
(1838).  See  also  my  Mon.  Tert  Entom.,  p.  56;  here,  however, 
possibly,  pi.  5,  ^g.  12,  belongs  to  another  species. 

23.  Cyiherella  Williamsoniana  (Jones).  Monogr.,  p.  31.  A  good 
species,  for  which  many  allies  have  been  found  in  the  Cretaceous 
formations  of  Europe,  and  in  the  recent  state.  Possibly  var. 
granulosa  is  a  distinct  species. 

24.  Cytherella{?)  appendiculata  (Jones).  Monogr.  p.  32.  This  is 
far  more  likely  a  Cytherura. 

25.  Cyiherellail)  Mantelliana  (Jones).  Monogr.,  p.  32.  This  may 
be  accepted  as  a  true  Cyiherella, 

26.  Cyiherella(?)  Bosqueiiana  (Jones).  Monogr,  p.  33.  Not  a 
Cyiherella  ;  but  probably  a  Cythere, 

Over-cautious  in  referring  our  English  forms  to  published  (and 
often  badly  figured)  Continental  species,  and  too  bold  in  assigning 
wide  limits  to  specific  and  generic  groups,  in  my  Monograph  on  the 
Cretaceous  Entomostraea,  I  stretched  a  palseontological  virtue  into 
an  error,  which  better  knowledge,  attained  by  the  work  of  many, 
will  enable  us  to  rectify  in  detail. 

I  must  add  that  the  references  frequently  made  in  the  Monograph 
to  similar  Entomostraea  in  other  geological  formations,  and  in 
existing  seas,  have  to  be  re-examined  in  very  many  cases,  and 
much  curtailed.  I  again  express  my  hope  of  being  able  to  publish 
far  better  drawings  of  these  Cretaceous  species. 

Appended  is  a  corrected  list  of  the  Cretaceous  species  : — 


Old  Namrr. 

Names  now  Adopted. 

Cythere  Hiheana,  Roemer. 

Cytheridea  ptrforaiay  Roemer,  sp. 

„      punetatula^  Roemer. 

Cythere  eoncenlrica,  Rcuss. 

„      umbanata,  Williamson. 

Cytheroptenm  umbonatum.  Will.,  sp 

„     fabay  Reuss. 

Cythere  nmulata,  Jones  (1869). 

„      Bairdiatm^  Jones. 

Cythere  Bairdiana,  Jones. 

Cythereit  interrupta^  Bosquet,  sp. 

Cythert 

;  HarrUiana  Jones  (1869). 

„       Gaullinaf  Jones. 

yi 

GaultinOf  Jones. 

„       macrophtJuLlnMy  Bosquet,  sp. 

maerophthalfiMf  Bosquet. 

„      triplicaid,  Roemer,  sp. 

tripiieatay  Roemer. 

„      quadrUateray  Roemer,  sp. 

quadrilateroy  Roemer. 

„      eiliatdy  Reuss,  sp. 

omatiseima,  Rss. 

„      LonsdaUiana,  Jones. 

Lotudaleianay  Jones. 

„      eomuta^  Roemer,  sp. 

omattMima,  yar. 

y,      o/alu,  Bosquet,  wg. 

n 

tUatOf  Bosquet 
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If 


Old  Names. 
Bmrdia  nAdeitoidia,  Muntier,  ip. 
siligua^  Jones. 
Vmr,  a. 
Var.  $. 

Harruimia,  Jonas. 
mtifMtia,  Munster,  sp. 
„      triqutiroj  Jones. 
„      mKetiUy  Jones. 
O^M§r$iia  mrata,  Roemer,  sp. 
„      irvncaia,  Busquei. 

WUliamaoniana,  Jones. 
?  tippendieuiata^  Jones. 
?  ManUUutnOt  Jones. 
?  Boiomtiana^  Jones. 
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Nambs  now  Ai>OFTnx 
Bairdia  nsidgUoidea,  MUnster,  sp. 
Maeroeypris  nifqua,  Jones. 
Macroeyprit }  areuata^  Miinster,  sp.  ? 
Furaeypru}  graeitiM^  Junes  (1869J. 
Bairdia  Harriaiana,  Jones. 
CytheridetM  angtuia^  MUnster,  sp. 
Bairdia  triquetral  Jones. 
Bairdia  eilietUay  Jones. 
Cgthsrella  ovata,  BeemeTf  sp. 

,,      Muensteri,  Rodmer,  sp. 

„       WUliamaonianOy  Jones. 
Cytherura  appendieuiata,  Jones. 
CythertUa  Manteiiiana,  Jones. 
Cytktre  BoaquetianOf  Jones. 


yUL — On  Bexolitbs  qracilis,  a  new  Silurian  Anneliob. 

By  John  Hopkinson,  F.G.S.,  F.R.M.S. 
(Willi  a  Woodcut.) 

OF  the  existence  of  Annelides  daring  the  Silurian  period  we  are 
almost  as  uncertain  as  of  the  existence  of  plants.  Indeed,  we 
might  reasonably  doubt  whether  any  Silurian  fossils  can  with  cer- 
tainty be  referred  to  this  class. 

The  tracks  and  fiUed-up  burrows,  formerly  regarded  as  plants,  are 
as  likely  to  be  produced  by  crustaceans  or  molluscs  as  by  worms  :^ 
mere  impressions  or  casts  are  almost  equally  uncertain  in  their 
nature,  and  the  shelly  tubes,  such  as  TentaculiteB  and  Comulitea,  are 
also  of  doubtful  origin. ' 

We  have  a  remarkable  instance  of  this  uncertainty  in  the  genera 
Scolitea  and  ArenicoUtea,  which  one  of  our  most  distinguished 
paliBontologists  has  lately  referred  to  as  affording  *'  more  tangible 
evidence  of  the  Annelida"  than  such  markings  as  Nereites  Cam" 
f^entis, '  but  which,  from  the  discovery  of  specimens  showing 
internal  structure,  are  now  known  to  be  sponges.* 

It  is  therefore,  with  some  doubt,  that  I  describe  as  a  new  Silurian 
Annelide,  that,  which,  to  say  the  least,  appears  to  me  as  like  a  worm 
as  any  Silurian  fossil  yet  known. 

I  assume  my  specimens  to  be  impressions  of  the  body  of  a  worm, 
and  describe  them  provisionally  as  such,  though  it  is  possible  they 
may  be  only  tracks. 

DexoUtea,  gen.  nov.  (Sijf — a  worm  ;  X/^09 — stone).  Body  slender, 
cylindrical,  flexible,  tapering  towards  each  end,  and  distinctly  and 
regularly  annnlated  (See  Woodcut). 

DexoUtea  graeilia,  sp.  nov. — Body  from  about  half  an  inch  to  one 
inch  long,  about  one-twentieth  broad,  slightly  tapering  towards  each 
end,  and  with  about  thirty  (or  more)  well  marked  body  rings,  which 

»  See  "  Silnria,"  1867,  p.  201  and  p.  513.— Edit. 
<  Owen,  PalflDontology,  1860,  p.  40. 

*  W.  H.  Biiily,  Charac.  Brit  Foes.,  part  I.,  p.  xix. 

*  Nature,  Dec.  30,  1869,  p.  248. 
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Flo.   1. 


are  apparently  equal  in  width  to  the  space  between  iliem,  and,  a 

the  same  specimen,  at  equal  distances  apart 

Few  specimens  show  these 
characters  clearly,  some  not 
even  appearing  annnlated, 
while  in  others  a  few  rings 
only  can  be  made  out  At 
the  side  of  one  weH-marked 
impression,  and  toward8t>ne 
(?  the  anterior)  end  of  the 
body,  are  a  few  indistinct 
marks  of  body  rings,  which 
I  can  only  account  for  by 
supposing  that  the  animal 
has  here  moved  laterally. 
Its  mode  of  progression  ap- 
pears to  have  been  the  same 
as  in  our  common  earth- 
worms,— by  the  muscular 
extension  and  contraction 
of  the  body ;  fbr  in  the  few 
specimens  I  have  found, 
the  body  appears  to  be 
longer  in  proportion  as  ihe 
rings  are  farther  apart.  For 
instance,  in  each  of  three 
distinct  impressions,  which 
measure  respectively  three- 
eighths,  five-eighths,  and 
three-quarters  of  an  inch, 
from  twenty-eight  to  thirty 

Pio.  1.  Slab  of  Shale  coTcred  with  DexoliUt  praeitit,  ip.    body  rings  Can  be  OOUnted, 
nor..  Upper  Llandello,  MofEat,  Dunfrktthire.         being  in  the  proportion  of 
„  la.  The  eame,  much  enlarged.  .      o  ^ -^      .  *^xi.      •      v    • 

about  fifty  to  the  mch  m 
the  longest  individual,  and  fully  ninety  in  the  shortest 

It  appears  in  relief  in  graceful  curves  on  the  surface  of  the  strata, 
when  the  body  rings  are  well  shown ;  as  a  depression,  when  they 
can  scarcely  be  seen;  in  section;,  perpendicular  to  ihe  plane  of 
deposition,  or  cutting  obliquely  through  it. 

Locality: — Hunterheck  Hill,  Moffat,  Dumfriesshire.  In  li^t^ 
coloured  indurated  micaceous  shales  of  Upper  Llandeilo  age. 

In  this  locality  the  only  other  fossils  sufficiently  distinct  for  deter** 
mination  are  the  supposed  Annelides,  Cro89opo£a  Seottea,  NereUe$ 
Cimnhrensia,  and  TtickoiJea  aiinhiguw.  The  two  former  occur  in  a 
iliore  arenaceous  deposit;  the  latter,  in  association  with  DMDoliiew 

CadHs,  This  scantily  fossiliferous  zone  is  quite  distinct  from  die 
ghly  fossiliferoue  zone  which  is  so  well  known  for  ito  rich  Grap- 
tolito  fauna.  Ite  dip  (that  of  the  Annelide  zone)  is  about  75^ 
N.N.W.,  the  normal  dip  of  the  unfossiliferous  grejrwack^  in  which 
it  occurs.    It  appears  to  be  hrwer  than:  the^  gtaptcdito  bedsy  bat, 


Fto;  la* 
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owing  to  the  oontortioiis  of  the  strata  in  whioh  these  two  xoneB 
occur,  their  preciae  relations  are  not  dearly  nndentood.  • 

I  append  a  Ust  of  the  fossils  of  Damfriesshire,  in  which  a  few 
species,  not  prernoosly  recorded,  are  indnded.  It  will  be  seen  diat 
Ibere  are  a  greater  number  of  LlandeOo  spedes  than  of  Caradoc. 
many  being  common  to  the  two  formations  elsewhere;  and  that 
liiflfe  are  Teiy  few  Arenig  (or  Lower  Llandeilo)  forms.  Xany 
specaos  hare  not,  as  yet,  been  found  elsewhere. 
ChmpidUidm  Htdsosoa. 


MttiaUtm  ptHmhm^  If  iek. 


Bur. 


Bur. 


i» 


» 


fi 


AOHBair. 


[liBB.) 


f=^.  BmU,  Bmt.) 


ft 


Btfr. 
Midfwieiii,  PintL 

<£iy«fM,  Cur. 
^ekkmnm-if  Gein.  ip. 
„      JMkimtis,  Cur. 

(»2>.  MA9M,  Nieh.) 
Ctai^frmpmu  e^nUaris,  Cur. 

„      Ummruy  Carr. 
Hditfrmpmu  frmdlU,  Hall,  gp. 
DipUfrmp&tu  tngmHifoliMM^  HaU,  tp. 

MMMMrOfUlfllt,  ^ich. 

tkfUmtmg,  Brong.  tp, 

(sD.  priuimiftnm,  HaO.) 
yUnfln,  His.  gp. 
I,  Carr. 

flall^M. 
(t^raitt,  Niek. 


n 


I 


»f 


Hopk. 

/wiYhi,  Halt  ip. 
teoMruMM,  ^ica. 
iTMvrfMg,  Carr. 
•meaifonit,  Nieh. 
WkitJkUi,  HalL^ 

Qen.  sp. 
sHalL 
mimmims,  Carr. 

„      tmltiit,  Lmn. 

(=CL  fTrfiMwiili,  Hii.  sp. 
„      tmiertmUimt,  Nieh. 
Diermmofrtplm  CUnfrnm^  Carr. 
„      rsMonu^  Hafi. 

AcTn(osoA.P 
JN  B^iPiryw^Tia  diekmtomA,  ITCoy. 

BaACHIOPODA. 

Xotfic/!*  mttemuita^  Sbj. 

,,      krttit^  Portf. 
Sipkcmoiretm  tmicmiMj  M'Coy. 

AUNVUDA. 

Crcttopodm  Seoiieti,  M'Coj. 
DtsoHU$  fraeiltM,  Hopk. 
StreiUt  Camh-ensU,  WCaj. 
TnUmemiitet^  sp. 
TrwAMtfto  «n^i>MHt,  Harkn. 

C&irSTACXA. 

JHseitmemrit  Brotcnians,  Woodw. 
FtUoearu  aptyeActde8,  Salt. 

Salt 


M 


L — ^NOTES  OH  TH«  OPHITJIirDJI. 


Bj  Dr.  C.  F.  LfiTKVir,  of  the  Zoological  Maaeam  in  the  UiuTerntj  of  Copenhagen. 


[  iiddHtmentn  md  hiaioriam  Opkharidmrw^.    Part  3.     1869.     From  the  Tranaaetioaa 
of  the  Bojal  Danish  AoMlemj  of  Science.    Communicated  bj  the  Author.] 

rtfais  paper  I  have  given  a  general  synopsis  of  all  hitherto 
established  genera  of  recent  Op^'uri^,  with  their  chief  charao- 
ten  in  Latin,  and  a  critical  essay  on  the  genera  of  fossil  Op^'urtdfls. 
Hiis  section  of  Palaeontology  is  yet  in  a  very  unsatisfactory  conditicm, 
owing  partly  to  the  onsdentific  manner  in  which  D'Orbigny  oha- 
nwterifled  his  genera.  Thus  the  genns  OpAstcre2(a,  Ag.,  is  ef^Biblishod 
en  O.  9p€oio9{h  Monst  (from  the  Lithographic  Limestone),  and  ^^ 
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oharacterized  chiefly  by  ''  un  disqae  ii  peine  distinct ;"  but  this 
is  evidently  a  true  species  of  Ophiocoma,  having  lost  its  disc,  a  very 
common  accident  with  Ophiurida,  especially  when  the  disc  is  more 
or  less  soft.  D'Orbigny's  Ophiurella  bispinoaa  is  only  known  from  a 
short  diagnosis,  and  should  be  more  fully  described.  Ophimra 
Orieshachii.  Wright  (with  a  very  distinct  disc),  has  nothing  in 
common  with  the  typical  species  of  the  genus :  its  trae  position  I 
cannf)t  decide,  it  has  the  general  aspect  of  an  Ophiogtypha^  Lyman, 
(Ophiura,  Forbes),  llie  genus  OphiureUa  must  of  course  be  elimi- 
nated from  the  catalogue.  The  genus  Acrura  is  bcused  upon  the  A» 
prisca.  Munst.,  of  the  Trias,  a  species  that  appears  to  be  closely 
related  to  Amphiuraf  Forbes ;  and  if  it  be  retained  as  the  type  of  a 
peculiar  genus,  it  cannot  be  clearly  defined.  The  best  preserved 
fossil,  Ophiurida,  almost  always  want  those  organs  of  the  superficial 
tegumentary  system,—  teeth,  papillie  of  the  mouth  and  arms,  spines, 
spinules,  granulations,  etc., — which  are  so  important  for  the  deter- 
mination of  the  recent  species ;  they  can  therefore  be  referred  but 
exceptionally  to  their  true  genera.  Nor,  if  they  belong  to  extinct 
types,  can  they  be  properly  characterized,  owing  to  their  imperfect 
preservation.  In  some  instances  also  the  true  arm-plates  are  more 
or  less  completely  lost,  and  then  all  that  can  be  said,  is,  that  the 
fossil  is  a  typical  Ophiuroid,  but  of  its  affinities  hardly  a  guess  can 
be  made ;  cases  will  be  cited  further  on.  Acrura  CotUddina  and 
A.  Bubnuda,  D*Orb.,  are  only  known  from  insufficient  diagnoses,  and 
are  tlierefore  at  present  indeterminable.  A.  Comuelana,  and  A. 
aerrata,  Eoem.,  are  probably  best  placed  in  the  recent  genus  Ophio^ 
glypha,  Lym. 

Acrura  Brodieiy  Wr.  is  one  of  those  very  imperfectly  known  forms 
that  might  well  be  placed  provisionally  in  the  old  genus  Ophiura. 
Possibly  Aspidura  loricata^  Goldf.  is  really  the  type  of  a  peculiar 
genus,  but  I  do  not  know  how  to  characterize  it  satisfactorily.  The 
characters  given  to  all  these  genera  by  D'Orbigny  are  really  value- 
less, and  are  based  on  no  knowledge  whatever  of  the  characters  of 
the  recent  Brittle-Stars.  Count  Munster*s  figure  of  the  same  form 
is  also  incon*ect ;  the  star  of  small  scales,  filling  up  the  aperture  of 
the  mouth,  does  not  exist  in  nature;  the  animal  had  the  typical 
mouth  of  an  ordinary  Ophiuroid.  If  Hagenow*s  figure  of  Aspidura 
Ludeni  (copied  by  D'Orbigny  and  Vogt  as  that  of  Palaocoma  Fur* 
sieribergii  I )  be  compared  with  the  preceding  species,  a  certain 
general  resemblance  of  aspect  will  be  found,  but  no  evidence  of 
generic  identity.  Picard's  Aspidura  squamosa,  and  A.  coronaformU 
would  have  been  better  placed  with  Amphiura  or  with  Acrura. 
Aplocoma  (Haplocomaf)  Agassizii  is  quite  indeterminable.  I  do  not 
deny  that  Geocoma  carinata  and  Ubanotica  have  some  characters 
apparently  in  common :  they  somewhat  recall  badly  preserved  speci- 
mens of  Ophioihrix,  but  I  do  not  see  any  likeness  between  them  and 
Oeocoma  elegans  of  Heller. 

Three  species  have  been  referred  to  Paloeocoma: — (1)  P.  Cunliffei, 
Forb.,  based  upon  some  indeterminable  fragments ;  (2)  P.  Furstm- 
hergUt  tolerably  well  known,  nevertheless  I  dare  not  decide  on  its 
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tnie  affinities ;  (3)  the  typical  species,  P.  Milleri,  Phill.  (=  P. 
loricaia,  Williamson),  referred  by  such  distinguished  palsBontologists 
as  Forbes  and  Wright  to  Ophioderma.  I  have  vainly  sought  for  the 
cause  of  this  arrangement,  which  is  directly  contradicted  by  the 
great  radial  plates,  never  to  be  found  in  Ophioderma,  The  same 
must  be  said  of  the  other  Liassic  and  Oolitic  Ophioderma  (0.  Egertoni, 
O.  ienuibranekiatOf  0.  Oaveyi,  0,  cartnata,  and  0.  Escheri).  I  see 
no  reason  at  all  why  they  should  not  be  referred  to  Ophioglypha;  they 
must  at  least  belong  to  a  very  closely  allied  genus ;  perhaps  I  should 
except  O.  Egertoni,  specimens  of  which,  in  the  museum  at  Copen- 
hagen,  have  the  general  aspect  of  Ophioderma.  Ophi{y)coma  granU' 
losa,  Boemer,  is  quite  indeterminable,  but  has  nothing  to  do  with 
Ophiocoma. 

Of  D'Orbigny's  genera,  some  are  identical  with  living  genera 
{Paiaocoma  =  Ophioglypha,  Ophiurella  =  Ophiocoma),  some  must 
be  rejected  because  their  characters  are  based  on  the  absence  of  some 
part  of  the  external  skeleton,  owing  to  the  imperfect  state  of  preser- 
vation (as  Bylocoma,  Ophiocoma),  while  others  may  be  retained 
{Acrura,  Aspidura),  but  without  definite  limits  or  satisfactorily  es- 
tablished characters. 

So  much  for  the  genera  of  D'Orbigny  I  I  shall  briefly  notice  the 
other  species  of  fossil  Ophiuridsd,  that  I  have  found  described  or 
enumerated  by  the  authors.  Ophiura  Murrauii  and  Wether elli,  Forb. 
are  justly  referred  to  Ophioglypha ;  and  perhaps  also  OphioUpis 
Bamsayi,  Wright,  when  it  is  more  fully  known.  Ophiura  granulosa 
and  Bvbcylindrica  of  Hagenow,  and  0.  olifex  of  Quenstedt  arc  quite 
indeterminable.     0.  Bonnardi,  Oppel,  is,  I  believe,  undescribed. 

Amphiura  Pratti,  Forbes,  I  formerly  regarded  as  correctly 
determined,  judging  from  the  original  figure  and  description ;  but 
after  having  seen  those  of  later  date  by  Dr.  Wright,  I  do  not  know 
what  to  make  of  it.  I  cannot  identify  Ophiolepis  gracilis^  Alimann, 
with  any  recent  species :  if  completely  known  in  all  its  details,  it 
would  perhaps  be  the  type  of  a  peculiar  genus.  It  is  closely  allied 
to  Amphiura,  but  the  long  arm-spines  are  an  aberrant  character :  they 
are,  however,  described  as  "  rather  short  "  by  Mr.  Walker.  Ophiura 
Gum(ielii,  Lindstrom,  from  the  Jurassic  strata  of  Spitzbergcn,  is 
referred  by  its  describer  to  Ophioglypha,  and  especially  compared 
with  O.  affinis,  but  it  has  some  remarkable  characters  of  its  own,  e.g, 
the  deep  fissures  in  the  back  of  the  disc  between  the  radial  scutes, 
and  the  peculiar  club-like  form  of  the  arms. 

From  the  formations  older  than  the  Trias,  we  only  know  some 
Silurian  species,  described  under  the  names  of  Protaster,  Tceniaster, 
Eugaster,  and  Ptilonaster,  With  the  exception  of  a  single  very  fine 
specimen  of  Protaster  Miltoni,  I  can  only  judge  of  these  genera  from 
the  descriptions  and  figures,  but  I  am  convinced  that  they  are  all 
true  typical  Ophiurida,  having  no  affinities  with  the  Euryalidte,  nor 
with  the  Asterida,  as  has  been  supposed.  I  do  not  believe  that 
Eugaster  and  Tceniaster  are  separable  from  Protaster  ;  the  characters 
given  are  either  of  a  slight  value,  generally,  for  the  distinction  of 
genera,  or  their  real  existence  in  nature  appears  rather  doubtfuL 
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With  Pttlonaster  the  case  is  different,  as  this  genus  is  stated  to  haye 
a  quadruple  series  of  ventral  (ambulacral)  arm-plates  in  plaoe  of  the 
double  series  in  ProUisier,  etc.  But  after  an  examination  of  speei- 
mens  of  P.  Miltaniy  I  have  some  suspicion  that  the  superficial  (dorsal 
and  ventral)  arm-plates,  and  the  internal  true  ambulacral  ossicles 
have  sometimes  been  confounded  together.  In  the  P.  Miltoni  before 
me  I  can  detect  the  scaled  disc,  the  stellate  mouth,  the  ophiura-like 
arms,  the  lateral  arm -plates  with  the  spines,  and  the  internal  ossicles 
(which  are  certainly  neither  bifid  nor  alternate,  as  stated  in  other 
species),  and  I  believe  that  these  true  internal  ambulacral  ossioles 
have  sometimes  been  described  in  Protaster,  Tamiaater,  eta,  as 
double  dorsal  or  ventral  arm-plates.  The  characters  of  P.  MxUom 
are  those  of  a  true  ophiuroid,  and  though  the  other  species  may  be 
in  some  re8|)e€ts  enigmatical,  I  have  no  doubt  that  they  are,  after  all, 
true  Ophiuroids.  The  "  madreporite  "  is  stated  to  lie  on  the  back  of 
the  disc  in  Protaster,  a  position  that  certainly  would  be  very 
aberrant.  I  can  see  nothing  of  this  kind  on  the  specimen  before  me, 
and  do  not  think  the  statement  to  be  confirmed  by  the  figures  pub- 
lished. In  regard  to  Salterns  PcUcBoeoma  (not  to  be  Confounded  with 
D'Orbigny's  genus),  and  the  very  analogous  Devonian  genus, 
jispidocama,  Goldf.,  I  am  incapable  of  deciding  whether  they  are 
Ophiurida  or  Asteriada,  though  I  have  studied  specimens  of  the 
latter  genus. 

I  venture  to  publish  these  remarks  in  the  hope  that  a  critical 
review  of  the  fossil  OphiuridcB,  from  the  pen  of  a  Zoologist,  who  for 
several  years  has  made  the  recent  ones  the  subject  of  his  studies, 
may  be  of  some  use,  though  the  materials  at  my  disposal  are  not 
rich.  In  order  that  this  part  of  Palaeontology  may  advance,  more 
attention  must  be  paid  to  the  recent  forms  than  has  hitherto  been  the 
case.  I  will  only  add,  that  in  an  additional  chapter  I  have  dis- 
cussed the  intricate  question  whether  Harlania  HaUi  {Arthraphyeua, 
Qoppert),  from  the  Silurian  beds  of  North  America,  is  really  a  Fucoid, 
as  supposed  by  most  authors  (compare  the  UhysophycuB  embolua  of 
Eichwald),  and  I  have  stated  that  I  did  not  know  any  natural  objects 
with  which  this  fossil  has  a  greater  external  likeness  than  the  lower 
arm-branches  of  Asterophyton — leaving  it  to  be  decided,  by  those 
having  plenty  of  specimens  at  hand,  if  this  presumed  cryptogamous 
plant  should  possibly  turn  out  to  belong  to  the  animal  kingdom,  and 
to  the  tribe  EuryaU^  U.  P.  L. 


E.E^V^IE'VT'S- 


I. — ^Thk  Oeoloot  of  St.  Helena.  By  Capt.  J.  E.  Oliver,  RA., 
8vo.,  pp.  32,  Jamestown,  St.  Helena,  1869.  With  a  litho- 
graphed Plate  of  Sections,  printed  at  the  Eoyal  Artillery 
Institution,  Woolwich. 

WE  have  in  this  pamphlet  the  resulte  of  a  geological  examination 
of  St.  Helena,  by  a  Staff  Officer  lately  residing  there,  who  had 
not  seen  Mr.  Darwin*s  work  on  "  Volcanic  Islands,"  chapter  iv.  of 
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which  gives  a  masterly,  though  avowedly  imperfect,  accomit  of  its 
interesting,  but  obscure  and  complicated,  structure.  Many  points  of 
agreement  must  of  course  occur  in  two  careful  descriptions  of  a 
limited  area ;  but  as  Capt.  Oliver's  stay  lately  on  the  island  was 
longer  than  the  Surveying  Voyage  of  the  **  Beagle"  allowed  to  Mr. 
Darwin  thirty  years  ago,  we  may  look  for,  and  do  find,  various 
points  on  which  some  information  is  added  by  the  artillery  officer, 
who  applied  his  geological  knowledge  to  elucidate  some  of  the 
■tractuial  difficulties  of  St.  Helena,  and  to  enhance  the  pleasures  of 
his  many  excursions  over  and  around  the  island. 

St.  Helena  is  geologically  and  geographically  divisible  into  three 
unequal  portions,  namely,  1st.  The  south-western  district,  or  "  Sandy 
Bay  basin,"  defined  by  the  remains  of  the  encircling  boundary  cliffs 
of  an  enormous  crater,  breached  at  Sandy  Bay,  and  comprising 
irr^nlar  augitic  lavas,  traversed  by  great  (north-east-south-west) 
dykes;  2ndly.  The  north-western  or  "Jamestown  district"  (from 
flagstaff  Bay  to  Manati  Bay),  consisting  of  uniformly  stratified 
basaltic  lavas  and  clay  beds,  dipping  north-west,  and  traversed  with 
dykes ;  Srdly.  The  eastern  third  of  the  ifiland,  or  the  "  Longwood 
district,"  composed  of  more  recent  volcanic  materials,  namely,  hard 
lavas,  different  from  those  of  the  other  side  of  the  island,  dipping  at  a 
low  angle  to  the  north-east,  and  intercalated  with  whitish  clay-stone, 
with  veins  of  manganese,  etc.  These  nearly  horizontal  lavas  lie  on 
older,  hard,  lava  beds,  upturned,  confused,  and  traversed  with  many 
dykes.  This  latter  series  seems  to  comprise  disturbed  portions  of 
the  Jamestown  series,  and  constitutes,  with  it,  the  "  much  broken 
ring,  or  rather  horse-shoe  of  basalt,"  described  by  Darwin.  Some 
of  it,  older  than  the  rest,  constitutes  Darwin's  "Basal  series"  (be- 
tween the  Flagstaff  Hill  and  the  Bam,  for  instance,  at  the  north- 
east portion  of  the  island). 

The  chief  points  on  which  Capt.  Oliver  gives  us  new  information 
are  as  follow  : — 1.  Mr.  Darwin  was  not  aware  that  the  base  only  of 
the  remarkable  peak  called  "  Great  Stone  Top"  belongs  to  the 
**  Basaltic  King  series ;"  the  upper  part,  of  almost  1000  feet  vertical 
height,  being  a  nearly  homogeneous  cone  of  grey  felspathic  rock 
(phonolite),  similar  to  "Little  Stone  Top."  The  latter  cone  is 
based  on  a  white  claystone,  and  the  two  must  have  originally  be- 
longed to  one  continuous  mass.  2.  It  is  only  the  summit  of  "  Flagp 
staff  Hill "  that  is  formed  of  felspathic  lava ;  the  rest  is  basaltic. 
The  "Basaltic  Ring"  extends  unbroken  from  "Flagstaff  Hill"  to 
"  M€m-and-Horse,"  forming  the  north-west  coast.  It  slopes  rapidly 
upwards  towards  the  central  ridge,  and  is  everywhere  (high  up) 
oveiiain  conformably  by  newer  felspathic  beds.  The  dip  of  its 
strata  is  much  the  same  throughout,  and  the  great  dykes  in  the  fioor 
of  the  crater  (Sandy  Bay  basin)  run  nearly  parallel  to  their  strike. 
The  heights  of  its  summits  are  very  uniform,  and,  except  at  "  Flag- 
staff," it  contains  few  dykes.  The  author  thinks  that  the  "  Flagstaff" 
has  been  upheaved  by  local  disturbances,  but  not  so  greatly  as  Mr. 
Darwin  suggests.  3.  He  strongly  doubts  the  propriety  of  referring 
the  "  Bam"  to  the  "  Basaltic  Eing."    In  their  aspects  and  chaxactoim 
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the  rocks  of  the  two  are  different.  Whether  the  phioe  of  an  old 
outburst,  or  not,  the  ''  Bam*'  consists  of  enormously  tilted  layas,  and 
requires  further  examination.  4.  Gapt.  Oliver  thinks  that  the 
coloured  clay  beds,  in  the  Longwood  District,  are  due  to  the  snrfiMse 
decomposition  of  thick,  hard  claystones,  and  not  of  soorise.  5.  He 
points  to  tlie  existence  of  a  great  submarine  terrace  around  the 
island,  sloping  outwards  to  a  depth  of  50,  70, 100  fathoms  and  more, 
and  averaging  nearly  two  miles  in  width,  with  an  abrupt  descent 
into  very  deep  water.  The  prolongation  of  the  plane  of  the 
existing  land  approximately  touches  the  outer  margin  of  this  teiraoe^ 
quickly  if  the  land  surface  slopes  rapidly,  and  at  a  lower  angle  if 
tiie  land  slopes  gently  (according  to  the  dip  of  the  strata  generally) ; 
in  fact,  according  to  the  greater  or  less  indination  of  one  slope,  so  is 
that  of  the  other ;  the  submarine  terrace,  however,  is  less  inclined 
than  the  slope  of  ^^  land.  Hereby  some  of  the  physical  changes  of 
this  old  island  are  clearly  illustrated.  Doubtless  the  land  reached  a 
much  greater  elevation — some  thousands  of  feet — with  a  wider  base 
at  some  far  distant  period,  when  the  accumulation  of  the  volcanic 
matter,  and  the  uplifting  of  the  mass,  formed  a  lofty  conical  island, 
with  sloping  coasts.  Into  these  in  time  the  sea  ate  an  enormous 
terrace-like  notch,  or  littoral  groove  ;  and  after  a  subsidence,  it 
began  to  eat  away  the  present  coast,  and  to  grind  down  and  disperse 
as  mud  ''  the  enormous  cubic  mass  of  hard  rock  which  has  been  pared 
off  the  circumference  of  the  island,"  a  denudation  so  great,  says 
Darwin,  that  'Hhe  mind  recoils  from  an  attempt  to  grasp  the 
number  of  centuries  of  exposure"  necessary  for  its  production ;  and 
yet  this  coast-notch  is  neither  the  first  nor  the  greatest  that  has 
margined  St  Helena. 

Whether  or  no  these  were  the  only  great  changes  of  level,  some 
sloping  sliore  must  have  existed,  in  place  of  the  precipices  of  to-day, 
for  the  upblowing  of  the  calcareous  shore-sand,  on  to  the  sides  of 
valleys  and  flanks  of  hills  six  himdred  feet  above  the  sea,  and 
forming  the  superficial  limestone,  well  described  and  accounted  for 
by  Darwin.  Many  movements  of  oscillation,  besides  those  of  local 
disturbance,  may  have  occurred ;  and  the  enormous  denudation  the 
surface  of  the  island  has  suffered  may  be  due  in  part  to  sea-action ; 
but  in  a  far  great  degree  it  is  attributable  to  rainfall  and  snow-water, 
due  to  the  exceeding  loftiness,  or  to  some  old  "pluvial  period." 
The  amount  of  moisture  at  present  is  sufficient  to  give  luxuriant 
vegetation  to  the  central  heights,  and  brooks  in  abundance ;  but  it 
effects  a  very  trifling  amount  of  superficial  change. 

To  resume; — On  many  other  points  besides  the  origin  of  the 
superficial  calcareous  deposits,  and  the  enormous  denudation,  our 
authors  fully  agree — 1.  The  volcanic  origin  of  the  whole  mass  of 
the  Island.  2.  The  existence  of  the  "  basal  series,"  from  the  Bam 
to  Prosperous  Bay,  much  intersected  by  dykes,  upturned,  and  over- 
lain by  newer  beds  of  lava.  3.  The  distinct  character  of  the  Flag- 
staff Hill  and  Bam.  4.  The  extent  and  characters  of  the  ''  Basaltic 
series,"  doubtfully  of  submarine  origin.  5.  I'he  great  crater,  at 
Sandy  Bay,  as  the  origin  of  most,  if  not  all,  of  the  eruptions.     The 
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felspathio  deposits  of  Sandy  Bay  Bidge,  and  the  almost  horizontal 
beds  of  the  Longwood  district  being  the  latest  lavas,  succeeding  to 
disturbanoes  of  fiie  earlier  formations.  6.  The  nature  of  the  parallel 
dykes  at  Sandy  Bay.  The  floor,  however,  of  this  great  crater,  and 
ito  remarkable  rim  are  more  minutely  described  by  Darwin. 

Surely,  if  such  be  the  results  of  a  careful  comparison  of  the 
unpretending  brochure  before  us  with  the  high-class  production  of 
mich  a  learned  geologist  as  Darwin,  we  ought  to  congratulate  the 
Toteran,  in  that  the  integrity  of  his  work  is  so  well  supported  by  the 
independent  researches  of  another;  and  we  ought  to  congratulate 
Gapt.  Oliver  on  having  observed  and  philosophized  so  well  as  to  find 
his  work  fully  in  accord  with  that  of  his  great,  but  to  him  unknown 
predecessor.  Lastly,  we  have  to  welcome  among  us  a  geologist  who 
can  add  to  our  knowledge  of  the  geological  history  of  St.  Helena 
one  of  the  oldest  and  least  known  of  volcanic  cones  ;  and  that,  with 
the  greater  pleasure,  as  a  military  officer,  one  of  many,  who  have 
helped,  and  will  help  to  increase  the  bounds  and  influence  of  Natural 
Science  by  the  exercise  of  their  own  intellectual  powers,  and  by  the 
diffusion  of  useful  knowledge.  T.  B.  J. 
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OsoLooiCAL  Society  of  London. — December  22nd,  1869. — Prof. 
Huxley,  LL.D.,  F.R.S.,  in  the  chair.  The  following  commimica- 
tions  were  read  : — 1.  "  On  the  Iron-ores  associated  with  the  Basalts 
of  the  North-east  of  Irelanil."  By  Ralph  Tate,  Esq.,  Assoc.  Linn. 
Soc.,  F.G.S.,  and  John  S.  Holden,  M.D.,  F.G.S. 

The  authors  introduced  their  account  of  the  iron-ores  of  the 
Antrim  basalts,  by  stating  that  since  1790  an  iron  baud  had  been 
known  in  the  midst  of  the  basalt  of  the  Giant's  Causeway,  but  that 
only  within  the  last  few  years  have  further  discoveries  been  made, 
which  have  developed  a  new  branch  of  industry  in  the  north-east  of 
Ireland. 

The  iron-ore  of  the  numerous  exposures  was  considered  to  repre- 
sent portions  of  one  sheet,  extending  uniformly  throughout  the  basalt, 
and  over  a  very  large  area.  Indeed  every  wlicre  the  iron  band  and 
its  associated  rock-masses  present  identical  features,  from  which  the 
authors  deduced  the  following  generalized  section  : — 

The  underlying  basalt  gradually  passes  upwards  into  a  variegated 
lithomarge  of  about  30  feet  thick,  graduating  insensibly  into  a  red 
or  yellow  ochre  or  bole  of  about  5  to  6  feet  in  thickness,  which  passes 
into  a  dense  red  ochreous  mass  of  about  2  feet,  charged  with  ferru- 
ginous spheroids  consisting  chiefly  of  a  protoxide  and  peroxide.  The 
spheroidbs  are  of  the  average  size  of  peas ;  they  increase  in  number 
and  size  towards  the  upper  part  of  Ae  band,  and  not  unfrequently 
constitute  that  portion  of  it  The  line  of  junction  between  the  iron 
band  and  the  overlying,  and  usually  more  or  less  columnar  basalt, 
is  in  all  cases  well  defined,  and  in  a  few  instances  exhibits  decided 
unconformability. 
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The  authors  discussed  the  several  theories  that  may  be  sug- 
gested to  account  for  the  origin  of  the  present  condition  of  the  piso- 
litic  ore,  and  proceeded  to  point  out  what  appear  to  have  been  the 
several  stages  of  metamorphic  action  .by  which  the  pisolitic  ore  had 
been  elaborated  out  of  basalt  From  field  observations  and  chemical 
analyses  they  have  been  led  to  consider  the  bole  and  lithomarge  as 
the  resultants  of  aqueous  action  in  combination  with  acidulated 
gases,  which,  dissolving  out  certain  mineral  substances,  have  effected 
the  decomposition  of  the  basalt ;  and  to  assume  that  the  bole 
underlying  the  iron  band  was  a  wet  terrestrial  surface,  and  that  the 
subsequent  outflow  of  basalt  effected  (by  its  heat,  pressure,  and 
evolved  gases)  a  reduction  of  the  contained  oxides  of  iron  into  the 
more  concentrated  form  in  which  they  occur  in  the  pisolite,  the 
aggregation  of  the  ferruginous  particles  being  a  result  of  the  same 
actions. 

The  ferruginous  series,  with  interstratified  plant-beds  at  Bally- 
palidy,  was  next  described,  and  demonstrated  to  be  of  sedimentary 
origin ;  the  ferruginous  conglomerate  resulting  from  the  degrada^ 
tion  of  the  pisolitic  ore,  of  which  it  is  chiefly  reconstructed,  and  of 
the  underlying  ochres. 

Many  additions  were  made  to  the  list  of  plant-remains  from  these 
beds ;  and  priority  of  discovery  of  plants  in  the  Antrim  basalts  was 
accorded  to  Dr.  Bryce,  F.G.S. 

D18OUB8ION. — Mr.  D.  Forbes  was  not  prepared  to  admit  some  of  the  theoretieal 
conclusions  of  the  authors,  and  objected  to  calling  in  metamorphism  to  account  for 
all  that  was  hard  to  be  understood.  He  could  not  recognize  the  division  of  beds 
so  similar  in  character  into  two  classes.  He  wished  to  know,  assuming  that  the 
iron-ore  merely  resulted  from  the  decomposition  of  the  basalt,  what  became  of  all 
the  silica  and  alumina  which  constituted  three-fourths  of  the  mass.  The  origin  of 
pisolitic  ores  was  in  fact  organic.  In  Sweden  certain  lakes  were  regularly  dredged 
each  year  for  the  pisolitic  ore  still  in  course  of  formation  by  means  of  confervoid 
algsB.  He  therefore  regarded  the  whole  of  these  beds  as  in  a  certain  sense  sedi- 
mentary,, and  though  due  to  organic  agency,  yet  still  deriving  their  original 
mineral  matter  indirectly  from  the  basalt.  The  basalt  contained  a  considerable 
amount  both  of  phosphorus  and  sulphur ;  and  if  the  ores  had  been  derived  directly 
from  the  basalt,  both  these  substances  would  have  been  present  in  them.  This  was 
an  argument  against  any  direct  metamorphism.  The  presence  of  vanadium  afforded 
additional  reason  for  regarding  these  ores  as  formed  in  the  same  manner  as  hog 
iron  and  similar  ores. 

Sir  Charles  Lyell  had  observed  in  the  basalts  of  Madeira  red  ochreona  bands, 
which  represented  old  land  surfaces,  in  one  of  which  Mr.  Hartog  and  he  had  dis- 
covered a  leaf-bed  containing  vegetation  of  much  the  same  character  as  that  of  the 
island  at  the  present  day.  Near  Catania,  in  a  recent  lava-stream,  he  had  seen  the 
junction  of  the  lava  with  the  soil  of  the  ancient  gardens ;  and  in  character  the  toil 
now  under  the  lava  resembled  the  red  beds  in  Madeira. 

Mr.  W.  W.  Smyth  was  on  the  whole  inclined  to  admit  the  power  of  metamor- 
phism to  produce  such  changes  as  had  been  here  effected.  He  commented  on  tha 
advantages  of  employing  this  Irish  ore  for  admixture  with  hsematitio  ore,  on  account 
of  the  abundance  of  alumina  present.  Possibly  there  had  been  some  difference  in 
the  chemical  character  of  the  different  flows  of  basalt. 

Mr.  Evans  suggested  that  the  Ballypalidy  beds  might  be  the  littoral  deposits  of 
a  lake  in  which  the  pisolitic  ores  of  the  other  parts  of  Antrim  were  deposited 
farther  from  the  shore,  and  subsequently  buried  under  a  basaltic  flow. 

Mr.  Etheridge  inquired  whether  the  pisolitic  ore  had  been  subjected  to  mioroseopieal 
examination,  with  a  view  of  finding  traces  of  organic  forms,  such  as  GeUtioneUa, 

Mr.  Tate,  in  reply,  defended  his  views  as  to  metamorphic  action.    He  thought 
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the  uniformity  in  thickness  and  character  of  the  pisolitic  ore  hand  over  so  large  an 
area  showed  that  it  could  not  be  a  lacustrine  deposit.  He  had  not  as  yet  examined 
the  spheroids  nnder  the  microscope. 

2.  "  Notes  on  the  Structure  of  SigiUaria,'*  By  Principal  Dawson, 
F.RS.,  F.G.S.,  Montreal. 

In  this  paper  the  author  criticised  the  statements  of  Mr.  Car- 
rathers  on  the  structure  of  Sigillaria  (see  Q.  J.  G.  S.  xxv.  p.  248). 
He  remarked  that  Sigillaria^  as  evidenced  by  his  specimens,  is  not 
coniferous ;  that  the  coniferous  tnmks  found  in  the  Coal -formation 
of  Nova  Scotia  do  not  present  discigerous  tissue  of  the  same  type  as 
that  of  Sigillaria;  that  no  Conifer  has  a  slender  woody  axis,  sur- 
ronnded  by  an  enormously  thick  bark;  that  Calamodendron  was 
probably  a  Gymnosperm,  and  allied  to  Sigillaria;  that  although 
Siigmaria  may  not  always  show  medullary  rays,  the  distinct  sepa- 
ration of  the  wood  into  wedges  is  an  evidence  of  their  having 
existed ;  that  the  difference  in  minute  structure  between  Sigillaria 
and  Stigmaria  involves  no  serious  diflSculty,  if  the  former  be  regarded 
as  allied  to  Cycadacesd;  and  further,  that  we  do  not  know  how  many 
of  the  StigmaricB  belong  to  Sigillaria  proper,  or  Favularia,  or  to 
such  forms  as  Clathraria  and  Leiodermn,  which  may  have  been 
more  nearly  allied  to  Lepidophloios ;  that  the  fruit  figured  by  Golden- 
berg  as  that  of  Sigillaria  is  more  probably  that  of  Lepidophloios,  or 
may  be  a  male  catkin  with  pollen ;  and  that  he  has  found  Trigono- 
earpa  scattered  around  the  trunks  of  SigillariaSy  and  on  the  surface  of 
the  soil  in  which  they  grew.  He  agreed  with  Mr.  Carruthers  in 
regarding  Mr.  Binney's  Sigillaria  vascularis  as  allied  to  Lepido- 
dendron, 

Dwcussiow . — Prof.  Morris  thought  that  Clathraria  and  Lepidophloios  ought  to  be 
discriminated  from  the  SigiUarict^  as  being  rather  moro  nearly  allied  with 
eycadaoeous  plants,  especially  the  former.  He  pointed  out  the  manner  in  which 
certain  vascular  bundles,  communicating  between  the  centre  of  the  stem  of 
Sigillaria  and  allied  genera  and  their  bark,  might  be  mistaken  for  medullary  rays. 

3.  "  Note  on  some  new  Animal  Remains  from  the  Carboniferous 
and  Devonian  of  Canada."  By  Principal  Dawson,  F.R.S.,  F.G.S. 
Montreal. 

The  author  described  the  characters  presented  by  the  lower  jaw  of 
an  Amphibian,  of  which  a  cast  had  occurred  in  the  coarse  sandstone 
of  the  Coal-formation  between  Ragged  Reef  and  the  Joggins  Coal- 
mine. It  measured  six  inches  in  length;  its  surface  was  marked  on  the 
lower  and  posterior  part  with  a  network  of  ridges  enclosing  rounded 
depressions.  The  anterior  part  of  the  jaw  had  contained  about  16 
teeth,  some  of  which  remained  in  the  matrix.  These  were  stout, 
oonical,  and  blunt,  with  large  pulp-cavities,  and  about  32  longi- 
tudinal striae,  corresponding  to  the  same  number  of  folds  of  dentine. 
The  author  stated  that  this  jaw  resembled  most  closely  those  of 
Baphetes  and  Dendrerpeton,  but  more  especially  the  former.  He 
regarded  it  as  distinct  from  Baphetes  planiceps,  and  proposed  for  it 
the  name  of  B,  minor.  If  distinct,  this  raises  the  number  of  species 
of  Amphibia  from  the  Coal-measures  of  Nova  Scotia  te  nine. 

The  author  also  noticed  some  insect  remains  found  by  \mii  m 
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dabs  oontaining  SphenophyUum,    They  were  referred  by  Mr.  Soudder 
to  the  JBlattana. 

From  the  Devonian  beds  of  Guspc  the  author  stated  that  he  had 
obtained  a  small  species  of  Cephalaspta,  the  first  yet  detected  in 
America.  With  it  were  spines  of  Machairacanihus  and  remains  of 
some  other  fishes.  At  Gasp^  he  had  also  obtained  a  new  species  of 
Psilophyton,  several  tnmks  of  Prototaxitea,  and  a  species  of  Cffdo- 
Biigma, 

D18CUS8ION. — The  President  objected  to  the  term  Reptiles  being  applied  to 
Amphibia^  from  "which  they  were  totally  distinct.  He  questioned  the  ufety  of 
attribatinf!^  the  jaw  to  Baphete*^  of  which  no  lower  jaw  had  been  preTioualy  fonnd. 

Mr.  Etheridge  remarked  that  the  C^hctfa»pis  differed  materially  in  its  pro- 
portions from  any  in  either  the  Russian  or  British  rooks. 

4.  "Note  on  a  Crocodilian  Skull  from  Eimmeridge  Bay,  Dorset." 
By  J.  W.  Hulke,  F.R.S.,  F.G.S. 

The  author  described  a  large  Steneosaurian  skull  in  the  British 
Museum,  from  Kimmeridge  Bay,  which  had  been  previously  re- 
garded as  Pliosaurian.  and  was  recently  identified  with  Dakosaurui 
by  Mr.  Davies,  Sen.  From  the  agreement  of  their  dimensions,  and 
their  occurrence  near  together,  the  author  thought  it  probable  that 
this  skull  and  the  lower  jaw  described  by  him  last  session  belonged 
to  the  same  individual.  It  differs  from  the  Steneosaurua  roBtro-minor 
in  the  greater  stoutness  of  its  snout,  in  the  presence  of  an  anterior 
pair  of  nasal  bones  prolonged  into  the  nostril,  and  in  the  number  of 
its  teeth.  The  author  proposed  to  name  it  SteneoaaurMS  Manseli, 
after  its  discoverer. 

5.  "  Note  on  some  Teeth  associated  with  two  fragments  of  a  Jaw 
from  Kimmeridge  Bay."     By  J.  W.  Hulke,  F.R.S.,  F.G.S. 

The  author  described  some  small  teeth,  associated  with  fragments 
of  a  long  slender  snout,  not  unlike  that  of  an  Ichthyosaur,  but  too 
incomplete  to  be  certainly  identified.  The  teeth  are  peculiar  in  the 
great  development  of  the  cementum,  which  gives  the  base  of  the 
tooth  the  form  of  a  small  bulb.  The  exserted  crowns  are  slightly 
curved,  smooth,  cylindrical,  and  pointed.  The  attachment  to  the 
dentary  bone  was  probably  by  means  of  the  soft  tissues,  and  the 
teeth  seem  to  have  been  seated  in  an  open  groove  in  the  surface  of 
the  jaw-bone.  Until  additional  material  reveals  the  true  nature  of 
this  fossil,  the  author  proposes  to  place  it  alone,  and  to  call  it  pro- 
visionally Euthekiodon. 

II.  January  12th,  1870.— Prof  Huxley,  LL.D.,  F.B.S.,  President, 
in  the  Chair.  The  following  communications  were  read  : — 1.  "  On 
the  Geological  Position  and  Geographical  Distribution  of  tlie 
Reptilian  or  Dolomitio  Conglomerate  of  the  Bristol  Area."  By  R. 
Etheridge,  Esq.,  F.G.S.,  PaJaeontologist  to  the  Geological  Survey  of 
Great  Britain. 

The  author  noticed  the  history  of  our  knowledge  of  the  Dolomitio 
conglomerates  of  the  Bristol  area  from  which  the  remains  of  Dino- 
saurian  reptile^)  have  been  obtained,  and  then  described  their  mode 
of  occurrence  and  distribution  over  the  district  near  BristoL    He 
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it^rded  these  deposits  as  due  to  the  action  of  the  sea-waves 
of  the  later  or  Middle  Triassic  periods  upon  the  rocks  of  older 
Triassic  (Bunter)  or  Permian  age,  during  the  gradual  elevation  of 
the  land,  and  as  the  prohable  representatives  in  point  of  time  of  the 
Muschelkalk,  otherwise  deficient  in  Britain.  The  author  then 
noticed  the  influence  of  the  conglomerate  upon  the  production  of 
certain  minerals,  such  as  calamine  and  haematitic  iron-ores,  and 
disoossed  at  some  length  the  probable  course  of  the  phenomena  of 
denadatio^  which  furnished  the  materials  for  the  formation  of  the 
conglomerate  at  different  levels,  in  which  he  recognized  two  great 
periods  of  oscillation,  the  first  witnessing  a  downward  movement  of 
the  PalsBOzoic  lands,  and  lasting  throughout  the  deposition  of  the 
New  Red  Marl  and  Sands,  and  the  second,  during  which  the  accu- 
mulations of  the  former  were  again,  at  least  partly,  denuded.  With 
regard  to  the  time  at  which  the  remains  of  Thecodont  reptiles  were 
imbedded  in  the  conglomerate,  the  author  inferred  from  the  evidence 
that  this  took  place  late  in  the  period  of  the  Eeuper. 

DuCDSflioN. — The  President  inquired  on  what  gronnd  the  anthor  considered 
these  reptiles  to  belong  to  a  late  period  in  the  Kenper,  and  "was  informed  that  the 
author  spoke  especially  with  relation  to  the  Keuper  of  the  Bristol  area,  of  which 
the  beds  containing  them  occupied  the  highest  position. 

Prof.  Ramsay  considered  these  conglomerates  not  merely  as  of  marine  origin, 
bat  as  breccias  which  had  covered  the  old  land  surface  which  had  been  worked  up 
by  the  water  of  the  New  Red  Period.  He  objected  to  the  term  Soa  having  been 
introduced  into  the  paper,  as,  though  the  tracts  may  have  been  islands  and 
promontories,  and  though  the  water  which  surrounded  them  was  salt,  there  was  no 
open  sea,  but  merely  a  large  inland  salt-lake,  in  which  the  New  Red  Marl  was 
formed.  The  marl  was  less  connected  with  the  Now  Red  Sandstone  than  with  the 
Lias.  The  Muschelkalk  being  absent,  it  was  constantly  the  case  that  the  marl 
rested  immediately  on  the  palaeozoic  rocks  without  the  intervention  of  the  Bunter 
Sandstone.  He  thought  that  there  were  good  grounds  for  connecting  the  Rhaetio 
beds  with  the  New  Red  Marl  below  and  the  Lias  above.  The  probability  was  that 
the  change  in  character  was  due  to  a  gradual  influx  of  the  soa  into  the  inland  lakes. 
He  thought  that  the  Thecodont  Saurians  might  also  eventually  be  found  even  in 
beds  of  Liassic  age. 

Prof.  T.  Rupert  Jones  remarked  that  Mr.  Tawney  and  Dr.  Duncan  had  already 
intimated  the  St.-Cassian  aspect  and  character  of  the  Sutton  beds.  The  freshwater 
character  of  some  of  the  Keuper  beds  was,  he  remarked,  indicated  by  the  presence 
of  £stherice\  and  he  alluded  to  the  fact  of  the  BriBtol  paheofaaurians  having  been 
erroneously  used  as  Permian  characteristics  in  Russia  and  Carolina. 

Mr.  W.  Boyd  Dawkins  had  found  at  Cheddar  that  the  Dolomitic  conglomerate 
formed  two  great  tongues  running  up  ravines  in  the  older  rocks,  which  had  probably 
been  due  to  subaerial  action. 

Prof.  Morris  alluded  to  some  sections  which  seemed  to  corroborate  the  views  of 
Mr.  Etheridge,  and  pointed  out  the  relation  of  the  conglomerate  beds  to  the  over- 
lying strata  at  those  points.  Ho  also  mentioned  cei*tain  peculiarities  in  the  structure 
of  the  conglomerate  itself. 

Mr.  Etheridge  stated  in  reply  that  the  Marls  in  the  Bristol  area  were  the 
exception,  the  greater  part  of  the  New  Red  beds  being  sandstone. 

2.  "On  the  Superficial  Deposits  of  portions  of  the  Avon  and 
Severn  Valleys  and  adjoining  Districts."     By  T.  G.  B.  Lloyd,  Esq., 

The  author,  after  describing  the  general  characters  of  what  he 
termed  the  Drifts  of  the  Upper  and  Lower  series,  and  the^ 
.water  gravels  of  the  Lower  Avon,  comprised  within  thO| 
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of  the  Avon  valley  between  Tewkesbury  and  Rugby,  and  of  the 
Severn  valley  above  and  below  the  town  of  Worcester,  endeavoured 
to  show  that  there  was  a  balance  of  evidence  in  favour  of  the  exis- 
tence of  an  upper  and  lower  platform  of  drift  in  the  main  valley  of 
the  Lower  Avon,  the  upper  one  being  of  marine  origin,  and  probably 
belonging  to  the  same  epoch  as  the  stratified  beds  of  gravel  in  the 
neighbourhood  of  Worcester,  which  contain  marine  shells  and  mam- 
malian remains,  whilst  the  lower  one,  of  freshwater  origin,  had  been 
derived  from  the  former  by  fluviatile  action,  as  supposed  by  the  late 
Prof.  Strickland.  Further,  that  there  was  no  evidence  to  warrant 
the  supposition  of  the  existence  of  high  and  low-level  river-gravels 
in  those  portions  of  the  Severn  and  Avon  valleys  under  review,  and 
that  the  apparent  absence  of  any  freshwater  shells  in  the  gravels  of 
the  Severn  valley  between  Bridgnorth  and  Tewkesbury  led  to  the 
inference  that  the  freshwater  gravels  of  the  Avon  were  not  repre- 
sented in  the  adjoining  portions  of  the  Severn  valley,  although 
remains  of  some  of  the  same  species  of  mammalia  occurred  in  both 
localities.  After  stating  his  opinion  that  the  time  had  not  yet  ar- 
rived for  indulging  in  theoretical  speculations  concerning  the  pheno- 
mena of  the  Drifts  of  the  Upper  and  Lower  series,  exhibited  in  so 
small  an  area  as  the  one  under  consideration,  the  author  concluded 
by  expressing  hopes  that  the  facts  which  he  had  brought  forward 
would  contribute  their  share  of  help  to  the  further  elucidation  of  the 
question. 

3.  "On  the  Surface-deposits  in  the  neighbourhood  of  Rugby." 
By  J.  M.  Wilson,  Esq.,  F.G.S. 

The  author  commenced  by  noticing  the  general  configuration  of 
the  surface  of  the  district  under  review,  which  he  stated  to  consist 
of  an  elevated  plateau,  bounded  and  rendered  irregular  in  its  out- 
lines by  valleys.  The  district  consists  chiefly  of  Lower  Lias,  with  a 
few  patches  of  Middle  Lias.  The  surface-deposits  on  the  plateau, 
and  on  similar  high  lands  in  the  neighbourhood,  consist  of: — 1.  Flinty 
or  quartzose  drift ;  2.  Sugary  sand,  with  grains  of  chalk ;  3.  Clay, 
with  pebbles,  principally  of  chalk,  and  distinctly  striated.  The  valleys 
bounding  the  plateau  were  described  as  belonging  to  two  systems, 
those  of  the  Avon  and  Leam.  Tlie  bottom  of  each  valley  is  generally 
a  narrow  strip  of  alluvial  soil,  bordered  by  sand  in  some  places,  and 
by  drift  in  others.  The  author  has  bored  down  into  the  surface- 
deposits  in  the  valley  of  Low  Morton.  La  one  boring,  which  reached 
a  depth  of  63  feet,  he  stopped  in  a  greyish  clay  containing  chalk- 
particles  ;  in  another,  through  similar  clay,  to  a  depth  of  67  feet,  the 
rock  was  reached,  and  fragments  of  limestone  were  brought  up. 

D18CU88TON. — Mr.  Searles  V.  Wood,  Jun.,  had  long  been  aware  of  the  existence 
of  the  Middle  Glacial  Sand  near  Rugby.  He  pointed  out  the  difference  in  the 
fauna  of  the  sands  of  the  Sevem  valley  below  the  glacial  clay  and  those  of  similar 
deposits  in  the  east  of  England,  but  thought  they  might,  notwithstanding,  be  of  the 
same  age. 

Mr.  Gwyn  Jeffreys  was  doubtful  as  to  the  authenticity  of  some  of  the  sbella 

which  had  been  brought  to  Mr.  Maw.     The  fossil  sheUs  from  the  Seyem  Talley, 

WolTerhampton,  Manchester,  and  Moel  Tryfaen,  were  nearly  identical,  and  indicated 

raised  beaches.    He  thought  it  possible  that  a  definite  line  of  such  beaches  might 

^mktaally  be  recognized  through  that  part  of  England. 
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Mr.  W.  Bojd  Dawkina  did  not  consider  that  there  was  any  marked  difference  in 
tiie  mammalian  fauna  of  the  Avon  and  Severn  vaUeys.  He  had  failed  to  discover 
any  traces  of  Elephas  antiqvua  in  either. 

Mr.  Prestwich  thought  that  the  author  had  prohably  divided  the  superficial  beds 
into  too  many  separate  deposits,  though  the  facts  brought  forward  were  of  great 
value. 

BIr.  Evans  mentioned  that  he  had  received  information  of  the  discovery  many 
years  ago  of  a  flint  implement  in  association  with  the  bones  of  extinct  mammals  at 
Lawford.  This  implement  had  been  exhibited  at  the  time  to  the  Geological  Society, 
bat  had  disappeared  after  the  meeting. 

Mr.  Uoyd  and  Mr.  Wilson  briefly  replied. 

GsoLOOiSTs'  Association,  December  3rd,  1869. — Prof.  Morris,  Pre- 
sident, in  the  chair.  Mr.  S.  R.  Pattison,  F.G.S.,  gave  an  account  of 
the  Geology  of  the  Huelva  District,  in  the  South  of  Spain,  which  he 
had  recently  visited.  After  a  rapid  sketch  of  the  general  geology  of 
the  peninsula,  noticing  the  great  east  and  west  mountain  ridges,  with 
wide  intervening  table-land  and  plains,  ho  described  the  Granite  of 
Old  Castile,  which  is  variously  decomposed,  bouldered,  and  drifted ; 
then  the  ridge  of  the  Toledo  Mountains ;  and,  finally,  that  of  the 
Sierra  Morena,  distinguished  by  stronger  mineralization  ;  and  the 
Tertiary  plains  of  the  Guadalquivir.  After  quitting  Seville,  and 
reaching  the  banks  of  the  River  Tinto,  at  the  fine  old  fortified  town 
of  Niebla,  Red  Sandstone  is  met  with,  including  huge  masses  of 
limestone,  worked  for  economical  purposes.  Again  descending  into 
the  Tertiary  plain,  the  Miocene  clifi's  around  the  town  of  Huelva 
were  alluded  to,  and  then  the  course  of  the  Buitron  Railway,  from 
St.  Juan  by  Trigueros.  The  pale  southern  Tertiaries  are  here  covered 
with  deep  red  gravel  and  sand.  Rising  with  the  slope  of  the  country, 
towards  the  Sierra,  the  road  enters  a  district  composed  of  wavy  hills 
of  coarse  grits,  shales,  and  schistose  rocks,  with  frequent  patches  of 
greenstone.  There  does  not  appear  to  be  any  limestone,  nor  were 
any  fossils  seen,  save  obscure  crinoidal  stems,  llie  whole  series  is 
treated  as  Silurian  in  the  only  geological  maps  known.  The  strike 
of  the  rocks  and  of  the  chains  of  wave-like  barren  hills  is  east  and 
west,  the  bedding  nearly  vertical,  frequently  varying,  with  small 
folds,  and  a  general  northerly  dip.  The  pink-red  stains  soon  betray 
the  presence  of  manganese,  hillocks  of  which  are  seen  on  the  wharves 
at  the  stations  ready  for  transit.  The  manganese  occurs,  as  is  usual 
with  this  mineral,  in  bunchy  deposits,  coincident  with  the  bedding 
of  the  rocks.  At  Valverde  the  rocks  become  more  talcoso,  and 
quartz  veins  are  numerous.  The  same  coarse  and  thin-bedded  schists 
continue,  with  greenstone  running  with  the  strike,  until  a  double 
line  of  low  stones  is  seen  at  intervals  crossing  the  country ;  these 
are  the  saal-hands — vein-walls,  which  extend  in  the  direction  of  the 
strike.  Between  these  are  deposits  or  strong  veins.  Wherever  the 
surface  is  reddened  by  oxide  of  iron,  called  by  the  Spaniards, 
**  Colorados,"  the  depth  is  occupied  by  a  mass  of  pyrites.  Besides 
this  indication,  there  is  invariably  the  trace  of  old  workings,  caUed 
Roman,  and,  probably,  executed  under  Roman  dominion.  There 
are,  at  Buitron,  for  instance,  ancient  sinuous  galleries,  through 
which  the  best  portion  of  the  ore  at  the  upper  surface  of  the  depon 
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has  been  extracted.  There  are  also  shafts,  and,  at  some  little  dis- 
tance, slag-heaps,  where  the  ores  have  been  smelted.  The  Buitnm 
deposit  is  a  wedge-shaped  mass,  nearly  cut  in  two  by  barren  ground 
in  the  middle.  It  slightly  narrows  in  descending.  The  contents  are 
a  nearly  uniform  grey -green  ore  of  copper  pyrites,  crossed  by  bands, 
varying  in  the  pei*centage  of  copper.  The  ore  contains  about  48  per 
cent  of  sulphur,  from  10  to  20  per  cent,  of  iron,  from  1  to  6  per 
cent,  of  copper,  and  some  silica  in  a  finely  divided  condition.  It  is 
either  sent  to  England  as  it  is  dug  out  of  the  mine,  or  treated  by 
cementation,  as  it  is  called — burnt  by  its  own  sulphur  in  the  open 
air,  and  the  burnt  ore  treated  for  the  copper.  The  precipitates  are 
also  obtained  by  the  usual  processes.  The  lead  is  also  saved,  but  is 
inconsidei-able.  Another  process  is  sometimes  used  (though  not  at 
Buitron),  suitable  only  to  ores  containing  under  2  per  cent,  of 
copper,  called  kernel  roasting,  whereby  the  copper  is  by  very  slow 
combustion  driven  to  the  centre.  The  Buitron  mass  may  be  classed 
with  the  great  deposits  on  the  same  parallel,  the  Bio  Tinto,  the 
Tharsis,  and  the  San  Domingo.  These  masses  of  pyrites  are  from 
60  to  1200  fathoms  long,  and  from  3  to  50  fathoms  broad  between 
the  walls.  The  mass  of  mineral  in  the  vein  has  sunk,  owing  to  the 
process  of  oxidation  by  air  and  water,  leaving  the  walls  standing  out 
above  the  surface  in  a  most  remarkable  manner.  The  wash  from  the 
surface  of  these  masses  deposits  hydrated  oxide  of  iron.  The  whole 
range  of  the  deposits,  occasionally  metalliferous  in  irregular  portions, 
is  upwards  of  140  miles,  the  lode  winds  a  little  in  a  limited  band  of 
country  running  nearly  east  and  west.  The  mineral  is  essentially 
the  same,  but  richest  in  copper  at  Buitron,  near  the  disturbed  edge  or 
side.  The  coarse  schistose  rock  is  not  much  metamorphosed,  except 
in  certain  places  near  the  greenstones.  The  successions  are  very 
thinly  bedded.  In  none  of  these  rocks  does  there  appear  to  be 
any  true  slaty  cleavage,  though  there  are  occasionally  good  slate 
flagstones.  The  literature  of  this  subject  may  be  found  in  Mr. 
Mason's  original  pamphlet  on  the  Mines  of  Huelva ;  in  one  or  two 
Spanish  reports;  Mr.  J.  L.  Thomas's  pamphlet  on  the  Bio  Tinto 
Mines;  and  Mr.  Green's  able  description  in  the  Quarterly  Journal 
of  Science  for  October,  1868. — The  great  commercial  importance  of 
these  deposits  arises  from  the  demand  in  Great  Britain  for  these 
ores  for  their  contained  sulphur.  They  are  used  at  Newcastle  and 
elsewhere  in  the  manufacture  of  sulphuric  acid  for  artificial  manure. 
The  trade  is  of  considerable  dimensions,  amounting  altogether  to 
the  raising  and  exporting,  from  all  the  mines,  of  upwards  of  600 
tons  a  day,  and  for  this  three  railways  have  been  constructed. 


coi^i^ESi=^oi?riDEi?rcE- 


"PHOLAS'»   HOLES   IN  LIMESTONE. 

Sib, — I  am  unwilling  to  let  the  month  pass  without  acknow- 
ledging the  weight  of  the  Bev.  T.  G.  Bonney's  observations  (on  pp. 
483,  etc.)  on  certain  notes  of  mine  on  some  superficial  phenomena  at 
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Oreai  Orme's  Head,  and  especially  on  the  identification,  as  bnrrowB 
of  "Pholas,"  of  certain  holes  in  limestone  there  and  elsewhere.  The 
question  of  the  correctness  of  this  determination  is  of  some  importance 
and  of  real  difficulty ;  bat  I  believe  that  fuller  discussion  will  only 
confirm  the  refer^ice  of  these  holes  to  Pholas,  or  some  similar  animal, 
to  the  exclusion  of  Helix ;  and  I  hope  to  submit  some  further  illus- 
tration of  this  subject  shortly. 

In  the  meantime  allow  me  at  once  to  prevent  from  lending  undue 
support  to  my  own  side  of  the  argument  an  apparent  oonfirmatkm 
of  Uie  Pholas  theory,  which  appears  in  p.  494,  at  the  end  of  Mr.  Do 
Banoe*s  paper.  There  is  an  error  in  the  identification  with  the  speci- 
men holes  under  discussion  of  the  holes  in  blocks  of  Carboniferous 
limestone  from  the  sea  beach  at  Walney  Island,  "  in  each  of  which 
may  be  seen  the  two  perfect  shell  valves  of  a  Pholas."  Such  a  dis- 
covery would  go  far  to  settle  the  question.  I  have,  however,  with 
Mr.  Bolton's  permission,  just  examined  the  stones  referred  to.  They 
are  beach  boulders  of  limestone,  which,  as  Mr.  Bolton  explained  to 
me,  were  imported  from  some  place  in  Wales  to  be  burned  for 
hydraulic  lime  in  connexion  with  certain  works  at  Barrow.  The 
shells  are  not  Pholas,  but  the  common  Saxieava  rugasa,  quite  recent 

Specimens  of  recent  Pholas  holes  in  Umeatone  are  by  no  means  of 
frequent  occurrence.  My  own  series  is  not  yet  completely  satis- 
factory ;  and  if  any  reader  of  the  Geological  Magazinis  knows  of  a 
locality  where  such  specimens  can  be  obtained,  with  living  or  lately 
dead  FkoXades,  I  should  be  greatly  obliged  by  his  indicating  it  to  me. 

B.  D.  Dabbishiiix. 
26,  GsoKOB  Stbzst,  Makchbstsb, 

Sib, — I  think  that  Mr.  Mackintosh  must  have  read  my  paper,  in 
VoL  VI.,  p.  483,  rather  hastily,  or  he  would  not  have  said  that  I  was 
not  "  fortunate  in  meeting  with  very  perfect  specimens  of  lithodo- 
mous  perforations  on  the  Llandudno  Peninsula."  Those  which  I 
describe  on  page  487  are  called  "fine  burrows  ....  one  small,  the 
other  about  2|  inches  deep,  and  more  than  an  inch  in  greatest 
width."  Again,  I  speak  of  the  burrows  found  within  the  crevice  as 
"  perfectly  smooth,  fresh,  unweathered  ....  all  of  them  com- 
pletely protected  from  the  weather."  Will  Mr.  Mackintosh  explain 
how  Pholades  could  produce  holes  of  this  kind,  varying  from  half 
an  inch  to  an  inch  in  depth,  and  about  an  inch  in  width,  on  the  roof 
of  a  horizontal  crevice,  about  an  inch  wide.  With  regard  to  the 
case,  which  he  quotes  in  a  note,  of  seventeen  land  shells  being  taken 
from  one  burrow,  I  can  only  say  that,  ha>'ing  never  studied  the 
politics  of  the  "  Helical  State,"  I  do  not  know  what  their  laws  of 
division  of  labour  may  be.  Probably,  being  easy  going  animals, 
they  are  less  actively  selfish  than  those  of  a  higher  grade,  and  do 
not  trouble  themselves  when  it  happens  that  one  works  and  another 
shares  the  fruits  of  his  labour.  1  may  add  that  in  the  case  which 
Mr.  Rofe  mentions  (Fig.  1  of  my  plate)  there  were  no  signs  which 
would  lead  me  to  suppose  that  any  considerable  portion  of  the  rock 
had  been  removed,  so  as  to  expose  a  vertical  section  of  any  burrow. 
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iliongfa  of  course  this  might  happen.    I  do  not  think  it  had  so  done 
in  this  case. 

T.   G.    BONNXT. 

Sib, — ^To  the  many  explanations  offered  on  Lithodomous  Perfora- 
tions, may  I  be  allowed  space  to  say,  that  in  searching  for  /acU  in 
Geology  in  the  Fumess  district,  I  met  with  a  bed  of  slate-colonred 
day  on  the  sea-shore,  about  half  way  between  high  and  low  water. 
This  clay  was  much  bored,  and  the  holes  contained  live  Pholadea,  and 
apparently  at  work.  Suppose  in  time  this  clay  becomes  embedded 
and  changed  into  rock,  and  afterwards  by  some  convulsion  of 
nature  is  thrown  to  the  surface,  may  it  not  be  possible  for  the  action 
of  the  atmosphere,  rains,  etc.,  to  not  only  destroy  the  remains  of  the 
original  makers  of  the  holes,  but  alter  the  appearance  of  them,  and 
the  holes  become  useful  winter  homes  for  land  snails. 

I  have  seen  the  rocks  at  Ormeshead  and  other  places  in  Wales,  and 
more  than  20  times  those  on  Birkrigg,  but  after  careful  examination, 
cannot  see  how  the  explanations  hitherto  given  fully  account  for  the 
borings.  Samuel  Salt. 

Ulyebston,  lO^A  January,  1870. 

TERRACES  ON  INLAND  SLOPES. 

Sib, — I  am  glad  to  see,  from  the  reply  of  Mr.  Mackintosh  in  yonr 
last  number,  that  he  no  longer  ventures  to  "assert"  the  marine 
origin  of  these  terraces,  though  he  still  "  believes"  that  the  greater 
number  of  them  are  **  Sea- worn."  I  will,  however,  suggest  to  him 
that  even  such  a  modified  **  opinion,"  considering  the  importance  of 
the  theory  which  it  involves  as  to  the  very  recent  emergence  of  this 
whole  island  from  beneath  the  sea,  requires  an  array  of  facts  in  its 
support  of  which  his  book  does  not  affonl  a  single  specimen. 

One  word  upon  my  "  descent  of  silt  theory',"  which  Mr.  Mackin- 
tosh still  cannot,  in  any  case  it  seems,  admit ;  but  which  I  look 
upon  as  possessing  a  real  interest  to  geologists  who  are  speculating 
on  the  causes  which  have  modelled  the  existing  surfaces,  as  showing 
how  large  an  amount  of  change  the  atmospheric  forces,  coupled  with 
that  of  gravitation,  can  produce  within  a  very  limited  time. 

It  is  clear  that  Mr.  Mackintosh  will  not  yet  comprehend  that  the 
wash  of  rain  on  a  plough-disturbed  surface  must,  and  does,  cany 
down  by  degrees  a  large  amount  of  silt,  or .  disintegrated  soil,  to 
some  lower  level,  where  the  force  of  the  current  sustains  a  check, 
and  the  solid  matters  are  deposited.  If  he  will  only  look  at  a 
xeoently  ploughed  slope,  after  a  heavy  rain-storm,  he  will  see  this 
process  exemplified  in  an  unmistakable  manner.  He  speaks  of 
"  ridges  artificially  formed  as  boundaries  between  fields,"  as  "  distinct 
from  the  terraces  under  consideration."  Of  course  they  are  so,  if  he 
refers  to  banks  of  earth  raised  high  above  the  ground  on  both  sides, 
such  as  are  common  in  Devonshiro  and  some  other  counties.  The 
"  terraces  under  consideration"  are  unifonnly  flat,  or  nearly  so,  on 
the  upper  side,  and  rest  on  a  steep  bank  fronting  the  lower  side. 
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And  these,  whether  there  still  exists  a  force  to  check  the  further 
descent  of  rilt,  or  that  this  has  been  removed,  or  never  existed  there 
ai  aU,  are,  I  venture  to  maintain,  the  result  of  the  process  I  have 
described*  And  of  this  even  Mr.  Mackintosh,  I  think,  will  convince 
himself,  if  he  will  only  cut  through  a  few  of  them,  and  fairly  examine 
their  composition. 

Of  course  I  must  not  be  understood  as  denying  that  many  banks 
in  valleys  have  been  formed  on  either  side  of  a  running  stream  by 
its  erosion,  whether  during  floods,  or  when  the  stream  ran  at  a 
higher  level  than  at  present  It  is  the  "  marine*'  origin  of  the 
terraces  in  question,  to  be  seen  scoring  the  flanks  of  our  Chalk  and 
Oolite  hills,  often  up  to  their  summits,  which  I  have  controverted. 
And  although  Mr.  Mackintosh  has  now  withdrawn  the  phrase 
*'  raised  sea-beaches,"  as  applicable  to  them,  and  substitutes  those  of 
**  raised  coast-lines,  tidal  terraces,  or  current-marks"  (p.  26  supra), 
I  do  not  think  he  thereby  mends  his  position  in  any  degree. 

G.    POULKTT-SCBOPI, 

GLACIAL  EPOCH  IN  NEW  ZEALAND. 

Sib, — I  observe  that  several  writers  who  discuss  the  debatable 
land  between  (Jeology  and  Physical  Geography  assume  that  in  the 
Southern  Hemisphere  signs  are  found  of  a  Cold  Period,  analogous 
to  the  Glacial  Period  of  the  North,  and  any  difference  of  opinion  on 
the  subject  is  only  as  to  whether  the  extreme  cold  affected  both 
hemispheres  at  the  same  time,  or  alternately.  I  am  aware  that 
descriptions  of  this  Glacial  Epoch,  and  the  formations  by  which  it 
was  supposed  to  be  recognized  in  New  Zealand,  was  given  by  Dr. 
Haast,  prior  to  1864;  but  towards  the  close  of  that  year  he  com- 
pletely changed  his  views  on  this  most  vital  point  in  New  Zealand 
Geology,  and  adopted  the  explanation  of  the  Ibmicr  extension  of  the 
Glaciers  in  the  New  Zealand  Alps,  which  was  first  suggested  by 
myself  in  1863. 

Those  who  are  interested  in  this  subject  will  find  the  more  modem 
view  fully  stated  in  the  English  translation  of  Hochstetter's  work, 
the  essential  points  being  given  in  my  own  words  (Hochs tetter's 
New  Zealand,  1867,  p.  505).  As  the  author  does  not  give  this 
important  passage  as  a  quotation,  reference  may  be  made  to  the 
Journal  of  the  Royal  Geographical  Society,  1864,  p.  103 ;  while  at 
page  92  of  the  same  volume  of  the  Journal,  the  oj)i)osite  hypothesis 
of  the  submergence  of  the  island  and  contemporaneous  ice-cap 
during  a  Glacial  period,  is  clearly  stated  by  Haast 

This  latter  theory  is  quite  irreconcilable  with  the  observed  facts, 
and  the  former  extension  of  the  glacier  is  sufficiently  accounted  for 
by  the  gradual  reduction  of  the  surface  area  exposed  above  the  per- 
petual snow-line  :  firstly,  by  its  erosion  into  valleys,  ridges,  and 
peaks;  and  secondly,  by  its  gradual  subsidence — a  subsidence  which 
has  operated  for  the  most  part  continuously — though  interrupted  by 
irregular  and  local  elevations.  Some  of  these  have  occurred  since 
the  arrival  of  colonists,  even  to  the  extent  of  nine  feet.  But  beyond 
fifteen  to  twenty-five  feet  above  the  present  sea  level,  no  marine 
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deposits  are  foUnd  of  later  date  than  the  Pleiocene.    The  Pleistoc 
deposits  in  New  Zealand  are  sub-aerial,  with  the  exception  of 
raised  beaches  referred  to,  and  the  evidence  of  progressive   b 
mergence  is  discovered  in  the  contour  of  the  land  above  and  bel 
the  sea  level,  submerged  forests,  and  other  indications  of  unmistal 
able  import.  Jamxs  Bjbctob. 

Oeologieal  Survey  Office^  Wellxngton^  New  Zealand^ 
ZUt  Octobery  1869. 

ON  THE  OCCURRENCE  OF  SCHORL  IN  DRIFT,  NEAR  OXFORD. 

Sib, — A  small  pebble  of  quartz  was  found  by  my  brother  a  fo^ 
years  ago  at  Sandford  upon  Thames,  near  Oxford,  having  a  blacil 
spot  on  its  surface.  On  breaking  it,  I  found  that  it  contained  thi 
termination  of  a  small  crystal  of  Schorl,  or  black  Tourmaline.  Il 
may  possibly  have  been  derived  from  the  North-west  of  England. 
Tourmaline,  according  to  Greg  and  Lettsom,  does  occur  at  Tentar 
Gill,  Carrock  Fells ;  also  at  Saddleback,  near  Force  Crag.  I  haTa 
given  the  specimen  to  Professor  Phillips,  at  Oxford. 

S.   G.   PxBOXYAIib 
HxNfiVBT,  bth  January y  1870. 


Fbedertgk  Collteb  Bakewell,  a  well-known  writer  on  geoloffi- 
cal  and  physical  science,  died  26th  September,  1869.  He  was  uui 
son  of  Robert  Bakewell,  the  eminent  geologist,  whose  *'  lutroductiaii 
to  Geology,"  published  first  in  1814,  was  the  earliest  comprehensiye 
work  on  this  bubject.  Mr.  F.  C.  Bakewell  was  very  early  connected 
with  the  Press,  having  been  editor  of  the  now  almost  forgotten 
Courier — the  Times  of  its  day — and  later,  as  scientific  writer  for  the 
Morning  Post  and  Daily  News,  etc.,  in  which  capacity  for  many  yean 
he  attended  the  meetings  of  the  **  British  Association  for  the  Ad- 
vancement of  Science."  His  earliest  work  was  ''Philosophical 
Conversations,"  a  practical  introduction  to  every-day  science  for 
young  people  ;  and  in  1835  he  published  *'  Natural  Fvidences  of  a 
Future  Life,"  which  he  was  revising  for  the  press  at  the  time  of  hia 
death,  and  which  will  shortly  appear  in  a  new  edition.  Among  his 
other  works  were  "Electric  i^cience,  its  History,  Phenomena,  and 
Applications"  (1853);  *  Geology  for  Schools  and  Students;" 
"  History  of  Modern  Inventions,"  etc.  He  interested  himself  re- 
cently in  a  discussion  as  to  the  Shape  of  the  £ai*th  at  the  Poles; 
and  in  18G7  published  a  small  pamphlet  entitled,  **A  Dynamical 
Theory  of  the  Figure  of  the  Earth."  a  brief  notice  of  which  was 
given  in  the  Geological  Magazine,  Vol.  iv.,  p.  430.  Mr.  Bakewell 
possessed  an  extraordinarily  inventive  genius,  and  occupied  himself 
in  the  construction  of  many  interesting  and  novel  appliances.  Hifl 
greatest  and  favorite  invention  was  that  of  the  Copying  Electric 
Telegraph,  for  which  he  was  awarded  the  Council  Medal  at  the  Exhi- 
bition of  1851,  some  modification  of  which  will  probably,  sooner  oi 
later,  be  adopted  for  the  transmission  of  messages. 
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L — British  Fossils.^ 

By  TBI  Editox. 

(PLATE  IV.) 

FpHE  Tweniy-lhird  volume  of  the  PalsBontographioal  Society'* 
JL  published  Monographs  has  just  reached  us.  It  represents  the 
g%np^ftl  volume  for  1869 ;  so  that,  thanks  to  the  energetic  exertions 
of  the  Honorary  Secretary,  the  Bev.  T.  Wiltshire,  M.A.,  F.G.S.,  we 
Iiave  now  ten  months  during  which  the  volume  for  1870  may 
appear,  thus  bringing  the  date  of  issue  once  more  even  with  the 
cnirent  year's  subscription. 

Such  being  the  healthy  state  of  the  Society,  we  trust  that  the 
Treasurer  (like  our  present  Ghanoellor)  will  not  tolerate  arrears,. for 
every  yearihe  volumes  issued  by  this  Society  become  more  and  more 
valuable,  and  doubtless  very  soon  they  will  be  at  a  premium.  The 
present  issne  contains : — 

1.  Supplement  to  the  Fossil  Corals.  Part  XL  No.  2.  (Cretaceous 
Corals.)  By  Dr.  P.  Martin  Duncan,  F.R.S.,  &o.  (Six  Plates, 
pp.  20.) 

2.  The  Cretaceous  Echinodermata.  Vol.  I.  Part  3.  By  Dr.  T. 
Wright,  F.R.S.E.,  F.G.S.     (Ten  Plates,  pp.  13.) 

3.  The  Belemnitidas.  Part  V.  Oxford  Clay  Beleninites,  <feo.  By 
Prof.  Phillips,  M.A.,  F.RS.,  &c.     (Nine  Plates,  pp.  19.) 

4.  The  Fishes  of  the  Old  Red  Sandstone.  By  Messrs.  J.  Powrie 
and  E.  Ray  Lancaster.  Part  I.,  concluded,  'ISio  Cephalas})id83.  By 
E.  Ray  Luicaster,  B.A.     (Nine  Plates,  pp.  29.) 

6.  The  Reptilia  of  the  Liassic  Formations.  Part  II.  By  Prof. 
Owen,  F.RS.     (Four  Plates,  pp.  40.) 

6.  The  Crag  Cetacea.  No.  1  (Ziphius).  By  Prof.  Owen,  F.R.S. 
(Five  Plates,  pp.  40.) 

Out  of  such  a  series  of  interesting  Monographs  it  would  seem 
invidious  to  make  a  selection  of  one  as  more  deserving  of  notice  than 
another ;  but  as  we  propose  to  refer  to  tliis  volume  in  a  future 
number,  we  will  only  select  one  paper  this  month  for  especial  notice 
— ^that  by  Prof.  Owen  upon  the  Pteroaauria  of  the  Lias. 

^  Honographs  published  by  the  Palseontographical  Society,  vol.  xxiii.     Issued  for 
1S69.     London  :  February,  1870.     4to.,  pp.  279,  and  43  Plates. 
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Althongh  remains  of  Flying  Iteptiles  have  long  been  reoogniiei 
as  occarring  in  the  Lias,  the  Stonesfield  Slate,  the  Greensand,  am 
Chalk  of  Britain,  yet  their  presence  has  been  indicated  only  hy 
detached  bones — a  jaw  with  teeth,  or  a  skull  more  or  less  entire- 
by  the  help  of  which,  however,  that  skilful  comparative  anatomist 
I^of.  Owen,  has  been  enabled  to  prove  the  existence,  in  Britain,  ii 
Mesozoic  times,  of  volant  reptiles  far  surpassing  in  magnitude  tbosi 
marvellously  perfect  remains  of  Pterodactyles  from  the  Solenho&i 
stone. 

So  long  ago  as  1829,  Dr.  Buokland  communicated  the  discover] 
of  parts  of  the  skeleton  of  PierodcuUyluB  macronyx,  from  the  Lias  o 
Lyme  Begis,  to  the  Greological  Society  of  London  (Trans.  Qeol.  See 
1835,  4to.  Vol.  III.). 

Later  (in  1858),  Prof.  Owen  described  the  head,  &o,,  of  probably 
the  same  species,  which  he  then  named  Dimorphodon.^ 

After  an  interval  of  ten  years  more,  Mr.  Henry  Woodward,  when 
visiting  Lyme  Begis  in  March,  1868,  observed  in  the  collection  oi 
the  late  Mr.  Henry  Marder,  M.RC.S.,  an  entire  series  of  caudal 
vertebrae,  20^  inches  in  length,  surrounded  by  ossified  fibres  oi 
tendons,  so  as  to  form  a  slender  rod-like,  and  almost  inflexible 
rudder,  closely  resembling  the  tail  of  RhampharhynehuM  from  the 
Solenhofen  stone.  The  specimen  was  at  once  secured  for  the  British 
Museum.  In  the  following  August,  the  Earl  of  Enniskillen  sent  ufi 
from  Lyme  Begis  a  slab  of  Lias  (obtained  by  Mr.  James  Marder,  d 
Lyme),  containing  the  greater  part  of  the  bones  and  head  of  Dimor- 
phodon,  showing  that  the  remains  previously  described  by  Dr.  Budc- 
land  in  1829,  and  by  Prof.  Owen  in  1858,  really  belong  to  one 
species,  and,  what  is  also  very  interesting,  displaying  remains  of  a 
caudal  series  of  vertebrsB,  identical  with  those  forming  the  entire 
detached  tail  obtained  from  Mr.  Henry  Marder. 

Thus,  after  an  interval  of  forty  years.  Professor  Owen  has  been 
enabled  to  reconstruct  and  present  to  palaeontologists  a  complete 
figure  of  this  truly  remarkable  type  of  British  Pterodactyle.  The 
anatomist  who,  with  a  box  of  recent  bones  before  him,  sets  to  work 
to  build  up  the  skeleton  of  a  bird,  or  of  a  quadruped,  finds  his  task 
difficult ;  but  how  vastly  more  difficult  the  task,  and  more  skilful 
must  be  the  comparative  anatomist  who  would  rehabilitate  the 
scattered  framework- of  one  of  the  ancient  denizens  of  our  world,  the 
fashion  of  whose  very  skeleton  is  now  gone  out  of  date,  and  has  no 
living  analogue  with  which  we  may  compare  it  Such  is  the  task 
Prof.  Owen  has  performed,  and  we  cannot  but  feel  a  pleasure  that  so 
rare  a  fossil  has  been  rescued  for  the  benefit  of  science. 

Dimorphodon  macronyxy  as  we  are  now  able  to  read  it,  by  the 
light  of  Prof.  Owen's  monograph,  differs  in  a  remarkable  manner 
from  the  long-tailed  flying  lizard  of  Solenhofen  ( Rhamphorhynchus), 
not  only  in  the  form  of  its  head,  but  also  in  the  proportions  of  the 
hind-limbs. 

In  Dimorphodon  the  hind-limbs  are  largo,  and  evidently  capable 
of  supporting  the  body,  both  in  climbing  and  crawling ;  the  feet  are 
^  Hcporls  (Sections)  British  Aasociation,  Leeds  Meeting,  1858,  p.  97. 


JBritisA  Fossib — Prof.  Owen  on  Pterodactyle.  99 

also  well  developed.  In  BluiMphorhynckua,^  on  the  oontrary,  the 
hind-limbs  are  almost  rudimentary  (see  Plate  lY.  Fig.  4),  and  oould 
have  been  but  feeble  organs,  either  for  walking  or  climbing,  as  com- 
pared to  the  hind-limbs  of  JDmorphodan  (Plate  IV.  Fig.  1). 

The  skull  and  jaws  of  IXmorphodon  differ  remarkably  from  every 
other  Fterodcuityle  at  present  known.  The  head  is  large  in  propor- 
tion to  the  trunk,  not  only  in  respect  to  its  length,  but  more 
especially  in  its  depth,  and  probably  also  in  breadth.  The  two 
crania  preserved  in  the  British  Museum  both  show  the  profile  very 
fiedrly  perfect,  and  both  exhibit  the  great  deptii  of  the  head; 
^  nevertheless,"  writes  Prof.  Owen,  ''  the  shape  and  disposition  of 
the  bones  are  such  that,  perhaps,  no  other  known  skull  of  a  verte- 
brate is  oonstructed  with  more  economy  of  material — with  an  arrange- 
ment and  connection  of  bones  more  completely  adapted  to  combine 
lightness  with  strength." 

In  Bhamphorhynchue  the  anterior  portions  of  both  the  upper 
and  lower  jaws  are  edentulous,  and  from  their  shape  Hermann 
Yon  Meyer  has  inferred  that  they  were  covered  by  homy  sheaths, 
like  the  beak  of  a  bird.  In  Dimorphodon,  on  the  contrary,  the 
jaws  throughout  are  armed  with  a  combination  of  laniary  teeth, 
and  more  closely  set  and  smaller  serial  teeth  in  the  lower  jaw. 

Beferring  to  Dr.  Buckland's  original  paper  in  the  Geological 
Transactions,  it  is  extremely  interesting  to  note  that  with  the 
limb-bones  there  are  also  figured  two  or  three  of  the  long  slender 
caudal  vertebras  imbedded  in  osseous  fibres ;  these,  however,  were 
regarded  by  Dr.  Buckland  as  cervical.  "  The  tail,"  he  observes, 
"  was  probably  longer  than  in  F,  longirostris,  and  may  have  co- 
operated with  the  legs  in  expanding  the  membrane  for  flight : — a 
long  and  powerful  tail  is  in  strict  uniformity  with  the  character  of 
a  lizard"  (p.  221.)  This  observation  seems  quite  prophetic,  for 
no  long-tailed  Fierosawria  were  then  known.  (See  Restoration, 
PL  IV.  fig.  2.) 

Professor  Owen  gives  a  careful  analysis  of  the  observations  of 
Hermann  Von  Meyer  on  the  Fterodactyles  of  the  Solenhofen  stone. 
That  able  naturalist  and  palssontologist  is,  alas  I  now  no  more,  but 
his  name  and  vast  labours  will  be  long  valued  by  scientific  men. 

Von  Meyer  quotes  Oken's  opinion,  "that  the  skull  in  the 
Fterodactyle  is  intermediate  in  character  between  that  of  the 
chameleon  and  crocodile,"  and  thus  concludes :  "  The  skull  of 
FterodaclyJuB  is  essentially  comparable  only  with  that  of  Birds 
and  Saurians.  The  preponderating  resemblance  to  the  bird's 
skull  cannot  be  contested.  Against  this,  however,  is  a  remark- 
able dissimilarity  in  certain  parts  which,  on  the  other  hand,  ap- 
Sroximates  it  to  the  type  of  Saurians."  (Von  Meyer,  in  Owen's 
[on.  p.  60.) 

Professor  Huxley,  in  various  papers  which  he  has  published, 
has  demonstrated,  chiefly  on  osteological  giounds,  the  close  affinity 
existing  between  Birds  and  Reptiles.     One  of  the  most  importaAt 

'  8«c  Illustrations  to  paper,  by  H.  Woodward,  in  the  **  Intellectual  Observer," 
YoL  ii.  1868,  pp.  448-451,  **  The  Flying  Lizards  of  the  Secondary  Hocks.*' 
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of  these  papers  was  read  before  the  Oeological  Society  on  the  24th 
of  November,  1869,  and  appears  in  the  February  Number  of  the 
Society's  Journal.     (See  Geol.  Mag.  January,  1870,  p.  86.) 

Professor  Owen  is  opposed  to  the  union  of  Birds  and  BeptQes, 
and  points  to  their  affinity  with  the  Implacental  Mammals,  in  the 
development  of  the  embryo,  in  the  brain,  in  the  circulating  system, 
etc.  He  strongly  combats  the  inference  that  warm  blood  is  an 
essential  accompaniment  of  an  animal  endowed  with  the  power  of 
flight,  and  cites  the  cockchafer  as  an  instance  of  a  living  creature 
capable  of  powerful  flight,  whose  body,  nevertheless,  only  raises 
the  thermometer  one  degree  above  the  surrounding  medium.  He 
maintains  that  the  constant  accompaniment  of  hot-bloodedness  is  a 
non-conductiiig  covering  to  the  body,  and  that  we  may  with  cer- 
tainty infer  that  ArchcBopteryx  was  hot-blooded,  because  il  had 
feathers,  not  because  it  could  fly.  We  think  a  happier  illustration 
than  the  cockchafer  (so  dissimilar  in  bulk  and  organization  from  the 
Pterodactylo)  is  that  of  the  shark  and  porpoise — the  former  cold- 
blooded, the  latter  warm-blooded — both  peiforming  the  same  mus- 
cular feats,  in  following  a  ship  for  days,  with  equal  ease.  (See  Prof. 
Owen's  Monograph,  p.  73.) 

Space  does  not  admit  of  our  pursuing  this  interesting  subject,  but 
we  have  said  enough,  we  trust,  to  show  that,  taking  a  single  Mono- 
graph out  of  the  present  fasciculus,  forming  Vol.  XXIIL,  there  is 
garnered  a  rich  store  of  palseontological  matter  for  those  who  care 
to  benefit  by  the  works  of  this  useful  Society. 

EXPLANATION  OF  PLATE  IV. 

Fig.  !•  Dimorphodon  maeronyx,  Owen  (^  original).     Bestoration,  copied  from  Ptof. 

Owen*8  Monograph  in  Pal.  Soc.  1870,  vol.  zxiii.,  pi.  20. 
Fig.  2.  Probable  outline  of  integument  (greatly  reduced  in  size). 
Fig.  3.  Four  of  the  tail  vertebne  of  the  natural  size,  showing  the  fine  paraUel  bony 

fibres  which  strengthen  and  render  rigid  the  slender  joints. 
Fig.  4.  Foot  of  Rhamphorhynehua  {\  nat.  size)  placed,  for  comparison,  with  hisd 

limb  of  Dimorphodon,  also  copied  from  Prof.  ()wen*s  plate. 
Fig.  6.  Side  yicw  of  skull  of  Recent  Saurian  (Zyrioeephalua), 


n.— On  the  Chabaoteb  and  Composition  of  Layab. 
By  G.  PouLKTT  SoRopK,  F.R.S.,  F.O.S.,  etc. 

IHAYB  been  gratified  by  observing  of  late  the  appearance  among 
geologists  of  a  more  general  appreciation  of  the  study  of  vol- 
canic phenomena, — using  that  word  in  its  broadest  sense,  as  com- 
prehending not  merely  the  occasional  outbursts  of  vapour,  ashes, 
and  lava,  but  also  the  action  of  those  subterranean  foroes,  to  which 
alone  we  are  indebted  for  the  existence,  now  or  in  former  times,  of 
any  dry  land  whatever  above  the  dead  sea-level  at  which  the  agents 
of  denudation  would  otherwise  maintain  tlie  surface  of  the  globe. 

Perhaps  the  tendency  of  recent  writers  on  this  subject  has  been 
rather  to  indulge  their  imaginations  by  theorizing  on  the  possible 
nature  of  the  interior  of  the  earth,  than  to  examine  carefully  the 
tacts  observable  on  its  surface.  T  venture,  therefore,  to  reoal  those 
who  show  this  inclination  to  wander  fi-om  the  legitimate  path  of  in- 
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Te0t%atioii — ^namely,  through  the  known  to  the  li^ifown — ^to  the 
neoessity  of  acquiring  some  more  definite  notions  than' cai?  be  said  to 

Sreyail  at  present,  on  the  character  and  mode  of  produc^ion  of  the 
jrpogene  rooks  which  are  exposed  at  or  near  the  suriaca^  before 
proceeding  to  speculate  further  on  the  condition  of  those  th^t  pos- 
sibly exist  at  great  depths  beneath  it  -\»  . 

Among  the  facts  relating  to  Volcanic  Greology  which  have  not  as 
yet^  iu  my  opinion,  been  satisfactorily  determined  by  observatioii, 
althongh  freely  open  to  it,  I  may  mention,  as  especially  deserving  of 
examination,  the  character  and  composition  of  lavas,  as  they  exude 
from  the  vents  or  fissures  opened  for  their  issue  through  the  solid 
omat.  In  the  year  1856  I  read  before  the  Groological  Society  of 
London  a  paper  on  this  subject  (as  well  as  on  the  mode  of  formation 
of  Yolcanio  Cones  and  Craters),  which  does  not  appear  to  have 
attracted  much  attention  from  Geologists,  but  which  I  think  con- 
tained suggestions  worthy  of  their  consideration.  (See  Quart.  Joum. 
Gfeol.  Soc.,  voL  xii.,  p.  338.)  If,  indeed,  we  wish  to  form  any 
reliable  opinion  upon  the  nature  and  character  of  the  subterranean 
matter  underljiing  the  sedimentary  rocks,  surely  a  dose  examination 
of  those  portions  of  tliis  matter  which  are  in  so  many  places  rising 
to  the  surface  and  spreading  themselves  over  it,  is  indispensable. 

In  the  paper  above  referred  to  I  showed  how  little  foundation 
there  is  for  the  generally  received  opinion  that  all  lavas,  as  they 
issue  from  a  volcanic  vent,  are  in  a  state  of  complete  fusion,  like 
melted  glass  or  metal,  and  that  it  is  only  through  a  process  of  slow 
cooling  they  afterwards  assume  a  crystalline  texture.  I  pointed  out 
that  there  is  good  reason  on  the  contrary  for  believing  that  the  greater 
number,  if  not  all,  of  the  crj-stals  observable  in  lava  after  cooling  and 
hardening,  (and  the  microscope  discloses  them  where  they  are  not 
visible  to  the  naked  eye),  existed  there  in  a  more  or  less  complete 
form  previously  to  its  emission.  Some  of  the  facts  mentioned  in 
support  of  this  view  I  may  briefly  recapitulate.  Such  are,  the  ex- 
tremely stiff  and  tenacious  character  of  most  lavas,  as  they  issue  at 
a  white  heat  from  the  volcanic  orifice,  making  it  difficult  to  thrust  a 
pointed  iron  rod  into  them ;  the  absence  of  a  \^treous  texture,  even  in 
their  superficial  portions,  or  in  the  scorias,  torn  seething  hot  from  the 
surface  of  the  liquid  matter  within  the  vent  by  gaseous  explosions ; 
the  instantaneous  consolidation  of  exposed  surfaces  in  cellular  or 
porous  slabs  or  cakes,  which  on  fracture  are  found  to  have  the  same 
crystalline  texture  as  the  interior  of  the  current;  the  cracked  and 
more  or  less  vitrified  aspect  of  the  felspar  crystals  of  many  trachytes ; 
the  broken  and  dislocated  appearance  of  the  loucites,  felspars,  and 
other  crystals  in  many  basalts;  the  frequent  arrangement  of  the 
longest  axes  of  such  crystals  in  the  direction  of  the  rock,  that  is,  of 
the  movement  of  the  lava  when  liquid ;  the  finer  grain  often  exhi- 
bited towards  the  tail  or  extremity  of  a  current  than  at  its  source,  as 
if  the  crystals  had  been  broken  up  by  friction  as  the  matter  moved 
on ;  the  brecciated  lavas  which  appear  to  have  enveloped  numerous 
fragments  of  the  same  equally  crystalline  material  without  any 
fuaon  even  of  their  finest  angles,  etc. 
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Of  course  i)il|ie8e  remarks  I  am  referring  solely  to  those  lavaa  which 
after  cooliD^'.ei:bibit  a  crystalline  texture ;  not  to  the  vitreooB  laYaB, 
such  as  the -^ obsidian  and  pumice  streams  of  the  Lipari  Isles,  Japan, 
the  Ande^;*  Hawaii,  and  Bourbon,  or  the  Pearlstones  of  Hungary  and 
and  Soiith  America.  The  very  fact  of  the  existence  of  these  vitreous 
lava-AloVrs — having  a  glassy  texture  not  oidj  on  their  surfiftce  but 
throughout  their  mass — affords  a  negative  proof  that  the  stony  and 
crystalline  lavas  could  not  have  been  ejected  in  the  same  state  of 
oojnplete  vitreous  fusion  as  the  former,  or  why  are  they  not  equally 
'ghidaj  and  homogeneous  throughout,  having  evidently  cooled  under 
^e  same  circumstances  of  exposure  to  the  atmosphere?  In  the 
'Lipari  Isles  there  are  to  be  seen  thick  currents  of  obsidian  and 
pumice  side  by  side  with  lavas,  produced  by  the  same  volcano,  com- 
posed of  an  aggregation  of  interlaced  crystals,  chiefly  labradorite, 
as  large  as  those  of  ordinary  granite.  A  rock  very  similar  to  this 
latter  composes  the  mass  called  the  Monte  Olibano,  near  Puzzuoli, 
seventy  feet  in  thickness,  which  has  flowed  over  beds  of  loose  ashes 
from  die  crater  of  the  Solfatara  into  the  sea.  Though  scoriaceous 
near  its  surface,  it  is  as  largely  crystalline  there  as  in  the  interior  of 
the  rock. 

But,  it  may  be  asked,  if  lavas  are  already  crystalline  when  they 
issue  from  a  volcanic  vent,  how  is  their  fluidity  to  be  accounted  for  ? 
I  reply.  Firstly,  that  lavas  vary  greatly  in  this  character;  some, 
though  extremely  viscous,  having  the  fluidity  of  honey  or  of  mud, 
so  as  to  flow  rapidly  down  a  steep  slope,  and  spread,  on  moderately 
flat  surfaces,  into  wide  and  thin  sheets ;  others  possessing  such  a  low 
degree  of  liquidity  as  to  coagulate  in  thick  beds  (Hke  tiiat  of  Olibano 
just  referred  to,)  even  on  very  steep  slopes,  and,  when  emitted  upon 
a  nearly  level  surface,  to  accumulate  in  bulky  hummocks  over  and 
around  the  vent,  such  as  the  Puy  de  Dome  and  the  neighbouring 
trachytic  bosses  in  Auvergne.  It  will  be  found  on  examinationi 
I  believe,  a  general  fact,  that  the  more  crystalline  lavas  show  signs,  in 
their  bulky  forms  and  other  circumstances,  of  their  having  been  less 
liquid  when  propelled  from  the  veut  than  the  more  fine-grained; 
and  also  that  the  vitreous  lavas  exhibit  marks  of  the  greatest  fluidity 
— other  circumstances,  especially  their  specific  gravity,  being  the 
same.  For  it  is  certain,  as  might  indeed  be  expected,  that  the 
heavier  basic  or  augitic  lavas  have  generally  spread  further  and  in 
thinner  beds  than  t£e  lighter,  or  acid  (trachytic)  ones. 

Secondly.  So  long  ago  as  1825,  in  the  first  edition  of  my  Treatise 
on  Yolcanos,  I  suggested  that  the  fluidity  of  lavas,  even  when  com- 
posed for  the  most  part  of  ready-formed  crystals  or  granules,  might 
be  accounted  for  by  the  presence,  throughout  the  mass,  of  a  certain 
amount  of  interstitial  water — of  course  at  the  temperature  of  the 
lava  itself,  and  therefore  probably  in  the  state  of  minute  globules, 
such  as  the  experiments  of  M.  Boutigny  exhibited,  and  tending  to 
flash  into  steam  on  the  least  relaxation  of  the  pressure  upon  them; 
Hence  the  vesicles  and  air  cells  that  form  in  the  upper  portions  of 
lava  streams,  and  often  burst  from  them  in  jets  of  vapour.  Henoe, 
too,  the  instantaneous  cooling  and  consolidation  of  these  exposed 
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portions ;  the  escaping  steam  canying  off  an  immense  amount  of 
caloric.  The  finer  the  grain  the  more  readily  would  the  struggling 
Taponr  he  enahled  to  collect  and  rise  in  buhhles,  and  hence  the 
more  Tesicnlar  structure  of  the  glassy  lavas;  while  in  those  of 
coarser  or  more  crystalline  grain,  the  expanding  steam  would  he 
likely  to  remain  longer  entangled  in  the  magma,  causing  it  to 
assume  a  spongy  or  loosely  granular  texture,  and  to  swell  up 
like  a  mass  of  dough  or  paste  in  an  oven;  while  the  vapour 
would  ultimately  escape  by  filtration  through  the  pores  of  the 
rocky  rapidly  consolidating  on  exposure,  and  splitting  up  by  the  for- 
mation of  shrinkage  cracks  into  such  rude  prismatic  blocks  or  cakes 
as  are  seen  to  characterize  the  surface  of  lava-streams  of  this  coarse 
grain. 

One  word  upon  the  varying  mineral  and  chemical  characters  of 
Lavas.  I  cannot  but  think  that  far  too  much  importance  has  been 
attached  to  these  distinctions,  especially  by  the  German  geologists. 
By  many  of  these,  as  in  the  instance  of  Baron  von  Eichtofen,  whose 
dassification  of  Volcanic  Bocks  was  lately  reviewed  by  me  (Gbol. 
Mao.9  Yol.  vi.,  p.  518),  these  differences,  in  their  minutest  peculi- 
arities, have  been  laid  down  as  determining  the  relative  age  of  the 
respective  rocks.  There  can  be  no  greater  source  of  error.  It  is 
certain  that  many  varieties  of  trachyte  and  basalt,  and  rocks  of  in- 
termediate mineral  character — that  is  to  say,  with  a  greater  or  less 
proportion  of  acid  or  basic  elements  in  their  composition — are  often 
found  succeeding  each  other  as  products  of  the  same  volcano,  in  no 
definite  series ;  sometimes  one  class,  sometimes  another,  having  been 
first  ejected.  Nay,  they  are  to  be  seen  occasionally,  though  rarely, 
to  pass  into  each  other  in  the  same  mass,  just  as  some  granites  are 
found  locally  passing  into  syenite,  and  this  again  into  greenstone. 
There  are  even  lavas,  as  for  example  that  called  Peperino,  so  much 
employed  in  buildings  at  Naples,  in  which  zones  or  lenticular 
blotches  of  different  mineral  character  alternate  throughout  the  rock, 
the  augitic  matter  having  apparentiy  separated  itself  from  the  more 
feldspathic  by  a  process  of  segregation  during  the  efflux  of  the  lava. 
And  there  need  be  little  doubt  that  what  has  taken  place  in  this 
instance  on  a  small  scale  has  frequently  occurred  on  the  large  one, 
within  the  focus  of  a  volcano,  during  the,  perhaps  repeated,  pro- 
cesses of  alternate  fusion  and  re-crystallization,  to  which  a  mass  of 
subterranean  lava  has  been  probably  exposed,  under  varying  circum- 
stances of  temperature  and  pressure.     (See  Volcanos,  pp.  129-132.) 

H  these  views  are  correct — and  it  is  for  younger  field-geologists 
than  myself  to  prove  or  disprove  their  truth  by  a  close  examination 
of  volcanic  districts — they  cannot  but  throw  much  light  on  the 
nature  and  character  of  the  heated  material  that  underlies  the  crust 
of  the  globe,  and  makes  itself  known,  both  in  outward  flows  of 
lava,  and  in  the  penetration  of  the  fractured  crust,  by  intrusive 
veins,  dykes,  and  protruded  bosses  of  crystalline  rock — in  the 
deeper-seated  syenites,  granites,  porphyries,  and  serpentines,  no  less 
than  the  trachytes,  greystones,  and  bassJts  of  sub-aerial  eruptions.  I 
hope,  therefore,  to  be  excused  for  repeating  here  ideas  on  this  subject, 
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formed  half  a  century  back,  and  published  almost  as  long;  but 
which  still  ask  for  corroboration  or  disproof  from  more  competent 
observers,  lliey  have,  I  venture  to  think,  an  important  bearing  on 
the  history  of  the  clumges  traceable  on  the  surface  of  our  planet,  and 
ought  to  be  worked  out,  before  any  justifiable  attempt  can  be  made 
to  solve  the  problem  of  its  sub-cortical  character. 

P.S. — While  the  above  was  going  through  the  press  I  have  read 
the  paper  on  the  Liquefaction  of  Bocks,  by  Dr.  Sterry  Hunt,  in  the 
February  number  of  this  Magasdne.  My  thanks  are  due  to  Dr. 
Hunt  for  the  generous  manner  in  which  on  this,  as  on  former 
occasions,  he  has  acknowledged,  and  even  taken  pains  to  vindicate 
for  me,  such  small  merit  as  I  may  claim  for  the  original  advance- 
ment of  the  suggestion — adopted  by  Dr.  Hunt — as  to  the  efifect  of 
variations  of  temperature  and  pressure  in  promoting  alternate  lique- 
faction and  reeousolidation  in  a  mass  of  mineral  matter  beneath  the 
crust  of  the  earth. 

Dr.  Hunt  points  my  attention  to  a  notice,  by  the  Rev.  0.  Fisher, 
in  the  number  of  Scientific  Opinion  for  October  27th  last,  which  had 
escaped  my  observation.  In  it  Mr.  F.  expresses  a  doubt  as  to  the 
idea  above  referred  to  having  been  advanced  in  the  fir$t  edition  of 
my  work  on  Yolcanos  (1825),  he  having  searched  through  that 
volume  without  finding  it.  I  beg,  however,  to  refer  him,  or  any  one 
whom  the  point  may  interest,  to  p.  26  of  that  volume,  headed  "  Efifect 
of  Increase  of  Temperature  or  Eeduction  of  Pressure."  Mr.  Fisher 
will  see,  on  reference  to  this  and  the  following  pages,  that  the 
passage  quoted  by  Dr.  Hunt  (p.  60  supra),  from  the  edition  of  1862, 
only  expresses,  in  more  concise  language,  the  idea  here  enunciated  ; 
which,  indeed,  forms  the  staple  of  my  whole  argument. 

Dr.  Hunt,  however,  differs  from  me  in  one  important  respect, 
believing  that,  under  the  supposed  circumstances,  the  efifect  of 
increased  pressure  would  be  exactly  the  reverse  of  that  which  I 
suppose ;  pressure,  in  his  view,  promoting,  not  preventing,  lique- 
faction, by  *'  favouring  the  solution  of  the  water-impregnated  mass, 
solution  being,  with  few  exceptions,  a  process  of  contraction."  I  do 
not  dispute  the  chemical  theory  on  which  this  proposition  is  baaed, 
and,  indeed,  the  partial  solution  of  some  of  the  mineral  constituents 
of  the  subterranean  matter  (especially  the  silver)  is  involved  in  the 
idea  of  its  ignco-aqueous  fusion.  But  it  is  not  inconsistent  with  thia 
belief  to  suppose  that  the  tendency  to  general  liquefaction  tii  the 
mass,  possibly  occasioned  by  such  partial  solution  under  increaaedy 
and  the  converse  solidifying  influence  of  diminished,  pressure,  may 
be  more  than  counteracted  by  the  opposite  tendency  of  such  portionB 
of  the  super-heated  interstitial  water  as  exist  at  the  time  in  the 
state  of  vapour,  to  contract  in  volume  in  the  first,  and  to  expand  in 
the  last  case.  It  seems  to  me  that  all  the  phenomena  of  volcanio 
action  are  best  explained  by  this  hypothesis,  rather  than  by  the 
alternative  which  Dr.  Hunt  proposes.  It  is  consistent  "with  obser- 
vation that  as  lava  rises  upwards  in  a  volcanic  vent,  its  efiferves- 
oence — that  is,  its  tendency  to  liquefaction  and  elastic  expansion — 
increases  with  a  diminution  of  pressure,  even  though  so  slight 
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that  attested  by  a  fall  in  the  barometer,  as  is  seen  in  the  case  of 
Stromboli.  And  it  is  difficult  to  believe  that  this  process  is  re- 
Tersed  in  the  interior  of  the  volcano.  On  this  point  I  will  say  no 
more,  but  only  refer  to  my  paper  in  this  Magazine,  VoL  Y..  p.  537. 

Before  concluding,  I  ought,  perhaps,  to  notice  the  challenge 
addressed  to  me  by  Mr.  Fisher  (p.  45  supra),  who«  attributing  to 
me,  with  justice,  the  opinion  that  "  the  motive  power  in  the  eleva- 
tion of  mountain  chains  is  the  pressure  from  lx.*low  of  matter 
esEjpanded  by  an  accession  of  heat,"  opposes  to  this  view  what  he 
calls  the  contrary  one,  viz.,  that  the  effect  in  question  is  produced  by 
"  the  crumpling  of  the  crust  through  lateral  pressure  caused  by  a 
general  cooliug  of  the  globe ;  the  elevation  of  portions  of  the  crust, 
by  this  process,  occasioning  a  diminution  of  pressure  and  consequent 
liquefaction  in  the  subjacent  mass."  My  reply  is,  firstly,  that  my 
Tiew  is  built  solely  on  recognized  facts,  such  as  the  proved  upward 
transmission  of  heat  from  below  the  eartVs  surface,  and  the  unde- 
niable inference  from  known  laws  of  ph^'sics,  that  the  rate  of  this 
transmission,  in  other  words,  the  subterranean  is^j- thermal  plane, 
must  vary  locally  with  those  variations  in  the  thickness  aud  con- 
ducting powers  of  the  sedimentary  deposits  on  the  surface,  which 
we  know  to  be  always  taking  place,  (p.  308,  Volcano:*).  I  have 
purposely  abstained  from  theorizing  upon  any  more  assumption, 
such  as  that  from  which  Mr.  Fisher  deduces  his  view,  viz.,  the 
secular  cooling  of  the  entire  mass  of  the  globe,  and  its  "  conse^juent 
contraction  within  a  solidified  crust'' — an  assumption  which,  in  the 
prebcnt  state  of  our  knowledge,  is  not,  I  think,  sufficiently  justified 
to  afford  a  reliable  postulate  in  geoli:>gical  spcculatious,  thou<rh  I  am 
quite  aware  of  its  popularity  and  plausibility.  At  the  same  time  I 
may  observe  that  this  view  of  the  priman-  cause  of  the  elevation 
of  moimtains  (which  is  that  of  Cordier,  Elie  de  Beaumont,  and 
many  others)  is  not  inconsistent  with  mine,  viz.,  that  the  direc- 
tion taken  by  the  lines  of  fracture  in  the  earth's  crust,  under 
the  supposed  circumstances,  and  consequently  the  po.sitious  of  the 
alternate  areas  of  elevation  and  depression,  must  bo  detorinined  by 
the  local  conditions  of  comparative  tension — that  is,  of  temperature — 
in  the  matter  beneath,  and  of  the  resistance  in  the  crust  above ;  the 
elevated  areas  conse(|uently  coinciding  with  those  in  which  the 
expansive  influence  of  subterranean  heat  predominates  over  the  sum 
of  resistances  offered  by  the  crust  above ;  and  the  depressed  areas 
to  those  in  which  these  conditions  are  reversed.  That  intense  heat 
was  the  chief  agent  in  the  upthrust  of  the  crystalline  axes  of  most 
mountain  chains  is  proved,  I  think,  by  the  signs  they  exhibit  of 
having  melted  their  teay  into  tlie  overlying  rocks,  which  they  at  the 
same  time  appear  to  have  upheaved.  AMiile  the  volcanic  or  trap 
rocks,  on  the  contrary,  seem  to  have  risen  through  fissures  with 
scarcely  any  disturbance  or  metamorphism  of  the  sides  of  these. 
The  former  I  consider  the  direct  effect  of  subterranean  expansion 
frooL  increase  of  heat;  the  latter  its  secondary  effect,  duo  to  the 
opening  of  lateral  avenues  of  up-flow  by  the  action  of  the  first  force. 
(See  Yolcanos,  ed.  1862,  p.  273.) 
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By  M188  Ghablottb  Etton.^ 

IN  Professor  Harkness's  veiy  interesting  paper  ''  On  the  Middle 
Pleistocene  Deposits/'  he  alludes  to  me  beds  described  by  Mr. 
George  Maw,  "  in  the  valley  of  the  Severn,  between  Bridgenordi  and 
Shrewsbury,  which  seem  to  accord  with  the  shell-bearing  beds  of 
Ireland." « 

The  Pleistocene  deposits  of  Shropshire  (of  which  I  have  attempted 
a  brief  description  in  my  little  work  on  the  Greology  of  North 
Shropshire')  are  of  much  greater  extent  and  importance  than  the  Severn 
valley  beds  (which,  however,  represent  a  very  interesting  portion  of 
them).  They  cover  a  large  part  of  the  North  Shropshire  plain,  both 
on  the  east  and  west,  and  are  found  both  north  and  south  of  the 
Wrekin  and  the  adjacent  Carboniferous  anticlinal.  The  lowest  of 
these  beds  is  a  stiff  blue  clay,  containing  rounded,  not  striated 
pebbles,  with  Lias-fossils,  which  covers  the  country  for  some  miles 
west  of  Shrewsbuiy.  It  lies  upon  the  upper  Bunter  Sandstone, 
between  the  base  of  the  Keuper  beds,  as  seen  at  Pimhill  and  Harmer- 
hill,  and  on  the  Severn.  A  section  obtained  by  a  well-sinking  at  Dunn's 
Heath,  about  three  miles  from  Shrewsbuiy,  gave  a  thickness  of  104 
feet  before  water  was  reached.  Similar  sinkings  in  different  parts  of 
its  extent  give  about  the  same  thickness,  varying  only  by  a  few  feet, 
though  in  one  instance,  at  Leaton,  a  very  short  distance  from  Dunn's 
Heath,  water  was  found  at  a  much  less  depth. 

The  clay  is  visible  on  the  surface  at  Leaton  brickfield,  the  Old 
Woods,  Fennymere,  and  Petton.*  It  is  difficult  to  determine  its 
exact  boimdary,  as  much  of  it  is  concealed  by  the  overlying  drifts, 
but  it  seems  to  extend  westward  up  to  the  base  of  the  small  Keuper 
hills  of  Nesscliffe  and  the  Clyffe,  and  then,  following  the  low  ground 
west  of  Grinshill  and  •  Hawkestone,  to  continue  northward  in  the 
direction  of  Ellesmere,  before  reaching  which  it  is  thickly  overlaid 
with  drift.  A  portion  of  the  clay  near  the  Hayes  Farm  was  found 
to  be  loaded  with  crystals  of  perfectly  clear  calcareous  spar.  The 
only  shell  which  I  have  been  able  to  obtain  from  this  bed  is  a  small 
but  very  perfect  specimen  of  Fusus  antiquus,  from  the  Old  Woods 
clay-pit,  very  different  from  the  shattered  remains  of  the  overlying 
bed.     Mr.  Gwyn  Jeffreys  does  not  consider  it  a  glacial  form.' 

^  It  seems  right  to  say  that  this  paper  was  written  before  the  pnblicatioiL  of  the 
article  by  Mr.  Searles  Wood,  Jun.,  otherwise,  perhaps,  the  opinion  of  Prof.  Hark- 
ness  might  not  hare  been  adopted  quite  so  implicitly,  although  it  coincides  with 
the  idea  I  had  previously  conceived.  The  key  to  the  problem  in  Shropshire  lies  in 
the  position  of  the  blue  clay,  and  confirmatory  evidence  may  be  found  m  the  many 
still  undetermined  fra^ents  of  shells  which  abound  in  the  overlying  beds.  Next 
summer's  work  may  add  Tellina  abligua  or  Nueula  CobbtMia  to  our  fauna. — C  E.t 
Jan.,  1870. 

*  Obol.  Mao.,  Dec.,  1869,  p.  546. 

*  Notes  on  the  Geology  of  North  Shropshire,  chap.  6. 

^  The  Geological  Surveyors  give  a  thickness  of  120  feet  to  the  drift  near  Petton. 

^  See  a  section  given  by  Mr.  G.  Maw,  south  of  Workington,  Lancashire,  where  a 
lower  blue  clay  is  exposed,  overlaid  by  reddish,  silty  day.  Geol.  Mao.,  YoL  VI. 
Feb.,  1869,  p.  72. 
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Lying  upon  this  bed  are  mounds  of  drift,  assuming  the  rounded 
contour  described  by  Professor  Harkness  as  'Hhe  outline  of  many 
of  the  deposits  of  '  manure  gravel '  in  the  county  of  Wexford/'  and 
also  of  StrethilL 

One  of  these  mounds  occurs  at  Merrington  Green,  about  six  miles 
from  Shrewsbury,  and  one  mile  from  the  base  of  Pimhill.  It  con- 
listB  of  very  coarse  unstratified  gravel,  rounded  but  not  striated, 
oontaining  Silurian  and  Carboniferous  limestone  fossils,  mixed  with  a 
dark-ooloured  clay  and  with  sand.  I  do  not  remember  to  have  ever 
seen  any  flints  in  this  bed.  It  contains  abundance  of  shells  in  a 
very  fin^mentaiy  condition. 


a 


Seetion  1.  From  Merrington  Green  to  the  river  Perrr,  showing  the  relative 
podtionB  of  the  older  and  re-asBorted  driflta. 

m.  Bine  day.  Old  Woods,  etc. 

i.  Cbyej  grav«l  of  Merrington  Greoi. 

0,  Ee-a4nort«d  gniTel,  Teaton,  etc. 


Section  2.   Showing  the  relation  of  the  Werf  stream  to  re-assorted  gravels. 

a.  Bunter  MndHfbne. 
h.  Channel  of  the  Werf. 
e.  Be-aMorted  griBTelt. 

The  above  are  not  drawn  to  scale,  being  merely  intended  to  show  the  relative 
podtiona  of  the  beds. 

The  species  I  have  been  able  to  determine  are,  Tellina  soUdida, 
Astarte  arctica,  Cardium  edide,  Cardium  echtTiatum  and  columellas 
of  ISiSUs  antiquus.  Cyprina  Islandica,  and  Turritella  communia  or 
terebra,  both  so  frequent  in  the  beds  near  the  Wrekin,  seem  to  be 
mtirely  absent.  On  the  whole  it  possesses,  I  think,  sufHciently  dis- 
tinguishing characteristics  to  mark  it  as  older  than  the  gravels  on 
the  east  of  the  plain,  and  than  most  of  the  middle  drift  deposits 
described  by  Professor  Harkness.  I  do  not  know  the  altitude  of  this 
mound  above  the  sea  level,  further  than  that  it  over-tops  the  spire  of 
8t  Mary's  Church,  Shrewsbury.  A  similar  gravel  may  be  seen  in 
the  ballast  hole  west  of  Baschurch  station.  Towards  the  north  the 
mounds  increase  in  number,  forming  in  many  places  ridges,  and,  as 
has  been  previously  stated,  concealing  the  underlying  clay,  while  the 
hollows  are  occupied  by  small  meres  and  peat  mosses. 

At  Leaton,  three  miles  from  Shrewsbury,  there  occurs  another  of 
these  mounds,  not  quite  so  high  as  that  of  Merrington  Green,  and 
nearer  the  Severn.  The  material  of  this  bed,  however,  differs  so 
much  from  the  preceding,  consisting  of  finely  stratified  sand  and 
gravel,  with  an  entire  absence  of  shells,  that,  notwithstanding  the 
oontour  and  the  elevation  at  which  it  occurs,  there  seems  no  choice 
but  to  consider  it  provisionally  as  an  Esker  drift. 
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We  now  como  to  the  shell-bearing  gravelB,  which  are  bo  well 
developed  in  the  Severn  Valley  and  on  the  north  and  east  of  the 
Wrekin  chain,  and  which  appear  to  correspond,  with  considerable 
exactness,  to  the  "  manure  gravels "  of  Wexford,  and  elsewhere  in 
Ireland,  and  tbe  marine  drifts  of  Wales  and  Lancashire,  on  the 
western  coast  of  Britain,  and  with  those  of  Aberdeenshire,  Caithness, 
and  the  middle  sauds  and  gravels  of  Norfolk  on  the  eastern. 

These  gravels  (I  am  speaking  more  especially  of  the  beds  on  the 
north  and  oast  of  the  Wrekin,  with  which  I  am  best  acquainted ;  but 
I  believe  the  same  facts  apply  generally  to  the  Severn  Valley) 
contain  a  great  variety  of  materials :  Silurian,  Carboniferous  lime- 
stone  and  Lias  fossils,  granite,  both  pink  and  grey,  coal  and  lignite, 
Permian  sandstone  and  flints,  enter  into  their  composition.^  The 
fragments  are  always  rolled,  except  in  the  case  of  syenite  and  green- 
stone, brought  from  the  neighbouring  hills,  which  are  generally 
angular.  I  do  not  think  that  any  of  the  material  is  derived  from  the 
local  Triassic  beds.  Boulders  of  granite  and  dark-grev  Silurian  lime- 
stone arc  common  in  association  with  these  drifts,  the  latter  some- 
times veined  with  quarizite.  The  presence  of  these  and  of  the 
rolled  pebbles  of  granite  and  Lias  surely  indicate  a  current  from  the 
north,  as  the  Lias  must  have  been  brought  from  the  Cheshire  border, 
and  the  granite  from  Cumberland.  The  Silurian  and  Carboniferous 
fossils  may  have  been  brought  from  Flintshire  or  Denbighshire,  on 
the  north-west ;  though  it  certainly  seems  more  reasonable,  at  first 
sight,  to  consider  them  as  derived  from  the  neighbouring  beds  of 
South  Shropshire,  in  which  case  it  must  have  been  a  current,  pro- 
bably local,  from  that  dii'cction  which  bore  them  to  their  present 
position. 

By  far  the  richest  locality  in  shells  to  l)e  found  in  Shropshire  is 
the  Severn  Valley  drift,  exposed  between  the  Union  and  the  Welsh 
bridge,  above  the  quarry  walk,  Shrewsbury.  Here  is  a  lai'ge  gravel- 
pit,  where  the  bods  are  seen  to  be  composed  of  stratified  sand  and 
gravel,  layers  of  shell-sand  occurring  at  intervals  of  two  or  three 
feet,  loaded  with  comminuted  fragments,  and  frequently  containing 
perfect  valves.  The  base  is  not  seen.  Tliis  deposit  bears  the 
strongest  resemblance  in  cliaracter  to  the  description  of  the  Wexford 
manure  gravels  of  any  of  the  Shropshire  drift-beds.  The  same 
gravel  appears  in  the  cutting  of  the  Shrewsbury  and  Wellington 
Kailway,  and  also  of  the  Shrewsbury  and  Hereford  Railway,  south 
of  the  Severn ;  but  I  have  never  searched  these  localities  for  shells. 
A  bed  of  similar  character  occurs  in  a  ploughed  field  above  Brian- 
hill  turnpike,  between  Shrewsbury  and  Eaton  Constantino ;  indeed 
the  deposits  seem  continuous  along  the  Severn  Valley.  The  higher 
part  of  the  town  of  Wellington  is  built  upon  a  bed  of  dark-red  day, 
used  for  brickmaking,  containing  rounded  pebbles  of  the  usual 
materials,  but  no  shcUs,  it  corresponds,  probably,  to  the  clayey  gravel 
of  Merrington-green.    Against  this,  but  not  upon  it>  there  rests  a 

1  It  should  be  obserred  that  although  flints  certainly  occur  sometimes  in  these  beda, 
north-ea«t  of  the  Wrekin,  they  are  by  no  means  a  marked  feature.  Of  the  tran^octed 
rocks,  grey  granite  is  perhaps  the  moat  abundant. 
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bed  of  rather  coarse  gravel  mixed  wifh  sand.  I  have  seen 
ailar  bnt  still  coarser  gravel  resting  upon  fine  sand,  in  a  newly- 
led  gravel-pit  belonging  to  W.  Moyley,  Esq.,  near  Buildwas,  in 
Severn  Valley.  l4ere  I  only  obtained  a  few  fragments  of 
rina  Islandica  and  Tdlina  aoUdula,  bnt  the  Wellington  deposit, 
lea  these  and  other  bivalves,  is,  notwithstanding  the  roughness  of 
material,  the  best  place  I  know  of  for  small  and  delicate  uni- 
es.  It  seems  as  if  their  minute  size  enabled  them  to  lie  more 
.y  concealed  in  the  interstices  of  the  gravel,  and  better  to  resist 
grinding  process  to  which  they  have  been  subjected.  This  gravel 
5y  seen  in  one  place — on  the  right-hand  side  of  the  Haygate-road, 
;  of  the  town  of  Wellington.  I  have  to  thank  Mr.  D.  Jones  for 
ring  my  attention  to  it.  About  a  mile  and  a  half  to  the  cast  of  the 
1,  extending  for  some  distance  on  either  side  of  Kctley  Brook,  there 
;XB  another  bed  of  sand  and  gravel,  resting  upon  clay,  containing 
lame  materials,  with  a  much  larger  proportion  of  sand,  and  most 
le  commoner  species  of  shells  belonging  to  these  drifts.  Accord- 
to  a  level  taken  from  the  top  of  the  Wrekin  to  the  Severn  at 
[port,  Ketley  Brook  is  190  ft.  above  the  latter  with  6  ft.  water ; 
this,  I  think,  will  be  very  nearly  the  base  of  the  range  of 
ude  at  which  the  shell-bearing  gravels  are  found,  as  the  next- 
tioned  bed  will  give  an  approximation  to  tlieir  greatest  elevation 
hropshire  above  the  present  sea-level.  This  bed  lies  nearly  ^ve 
iB  to  the  north-east,  at  Lilleshall,  in  a  field  belonging  to  the  New 
ge  Farm.  It  assumes  a  mound-like,  rounded  contour,  and  rests 
nst  the  Permian  sandstone.  It  contains,  I  believe,  all  the 
arials  above  enumerated.  Mr.  C.  J.  Woodward,  Curator  of  the 
ningham  Museum,  has  described  this  deposit,  in  a  paper  read 
»re  the  British  Association  at  Birmingham,*  and  I  have  to  thank 
Henry  Woo<lward  for  pointing  out  his  commimication  to  me,  and 
for  his  kind  assistance  in  naming  some  of  my  s]>ecimen8.  Mr. 
'.  Woodward  states  the  summit  of  the  mound  to  bo  4G3  ft.  above 
n  sea-level. 

Ithough  these  beds  are  only  visible  in  places,  and  sometimes 
ime  locally  the  form  of  moimds,  they  are,  in  reality,  portions  of 
aces  of  which  the  intervening  parts  have  either  been  denuded  or 
concealed  by  overlying  beds.  The  latter  is  the  case  at  Orleton, 
than  a  mile  to  the  west  of  the  gravel -bed  in  Haygate-road,  Wel- 
ton,  where  a  bed  of  sand  and  gravel,  containing  shells,  was  cut 
rtigh  in  making  a  drive,  many  years  ago,  and  is  now  grown  over. 
I  same  bed  was  found  at  Hadley,  lying  between  Ketley  and 
eflhall,  where,  in  digging  the  foundation  of  the  church  in  1854, 
nmens  of  Turritella  communis  and  TelUna  solidula  were  procured, 
y  are,  in  fact,  raised  beaches,  as  well  marked  in  all  their  chief 
racteristics  as  an}'-  recent  beach ;  and  in  this  they  seem  to  differ 
ewhat  from  deposits  of  the  same  age  in  Wexford  and  Norfolk,  the 
ler  of  which  are  described  as  **  occupying  an  area  forty  miles  in 
ftb  by  from  eight  to  nine  miles  in  breadth." ' 
7ith.  regard  to  the  distribution  of  the  shells  found  in  these  beds, 
1  Brit.  Aflsoc.  £ep.  1866.  *  Geol.  Mao.,  Dec.,  IS69,^.  5\a. 
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Ftt9U8  arUxquus  appears  to  be  charaoteristio  of  the  whole  aeries,  from 
the  Blue  Clay  upwards ;  TeUina  solidula,  Aatarie  aretien,  Cardimm 
edule,  and  Cardium  eckinatum  range  upwards,  from  the  clayey  gravel 
of  Merrington-green.  Not  that  there  may  not  be  some  other  species 
in  a  very  fragmentary  state  in  that  bed,  but  the  chief  point  to  be 
noticed  is  the  total  absence  of  Cyprina  Islandica  and  2\irriteUa  com- 
munis — ^both  so  characteristic  of  the  sandy  gravels — the  coarse,  strong 
fragments  of  the  former  of  which  could  hardly  escape  attention; 
while  the  latter,  from  its  shape,  is  peculiarly  formed  to  resist  de- 
structive influences.  In  Norfolk,  the  range  of  Tellina  solidtda  com- 
mences much  lower  down,  at  the  base  of  the  whole  glacial  series.^ 
Mr.  C.  J.  Woodward  gives  a  list  of  twenty-two  species  of  sheUs, 
from  the  sandy  gravel  of  Lilleshall,  of  which  two  species — NoHea 
dausa  and  Scalarta  communis — have  not  been  found,  I  believe,  in  any 
other  locality  in  Shropshire.  Of  another  species  in  his  list — Ijutraria 
dliptica — I  have  found  some  doubtful  fragments  near  Eetley  Brook. 
Mr.  G.  Maw,  in  the  list  appended  to  his  paper,'  enumerates  thirty- 
nine  species  found  by  him  in  the  Severn  Valley  beds,  of  which  the 
greater  number  are  also  common  in  the  other  localities  mentioned  in 
this  paper — or  at  least  fragments  of  them,  for  perfect  specimens  are 
somewhat  rare.  To  these  I  have  to  add  the  following,  collected 
from  the  sandy  gitiTels  in  the  different  localities  above  named : — 
Astarte  elliptica,  Cardium  Norvegicum,  A,  compressa,  Nucula  nudau, 
Mactra  subtruncata,  Trophon  dathratus,  Lucina  horealis  (f),  Mangdia 
tufa — making  50  species  from  these  beds  at  present  known.  The 
authority  used  is  Me88rs.  Forbes  and  Hanley's  work  on  British  Mol- 
lusca.'  Mr.  C.  J.  Woodward  mentions  Tropihon  Banfferius  (?*  Bamffius) 
among  his  collection,  but  the  specimens  of  Trophon  that  I  have  found 
do  not,  I  think,  belong  to  that  variety. 

By  placing  these  sands  and  gravels  on  the  horizon  of  the  Middle 
Drift,  another  point  is  decided,  namely,  the  age  of  the  Boulder-day 
on  the  Welsh  coast.  Although  this  formation  does  not  extend  so 
far  south  as  Moel  Tryfaen,  it  is  very  well  exhibited  in  the  neighbour- 
hood of  Abergele,  as  a  dark-red  clay,  containing  numerous  subangular 
and  striated  blocks  of  limestone  and  other  rocks.*  Near  the  village  of 
Colwyn,  west  of  Peiimaen  Ehos  mountain,  there  is  exhibited  a  section 
where  the  clay  has  been  removed,  and  the  middle  sands  and  gravels 
deposited  in  its  place.  I  do  not  remember  any  locality  where  the 
actual  contact  is  seen,  but  there  can  be  no  doubt,  to  any  one  who 
oarefully  examines  the  relative  position  of  the  beds,  that  such  is  the 
case.  As  in  the  section  described  at  Howth,'^  the  Boulder-clay  restc 
immediately  upon  the  Carboniferous  Limestone.  This  position  de- 
finitively decides  it  to  be  the  early,  not  the  later,  Boulder-clay. 

At  a  range  of  altitude,  the  higher  elevations  of  which  correspond 

»  GiOL.  Mao.,  Oct.,  1868,  p.  462.  «  Quart.  Joum.  Geol.  Soc.,  1864. 

'  These  shells  are  all  drifted  specimeiiB,  washed  up  by  the  waves,  in  a  dead  state 
with  the  sand  and  shingle  of  the  beach.  They  are  most  frequent  where  the  deposit  i 
bedded,  and  both  valves  are  never  found  joined. 

*  See  **  Drift-bods  of  Llandrillo-bay,"  Geol.  Mag.,  August,  1868. 

s  Geol.  Mao.,  Dec,  1869. 
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with  tlie  lower  parts  of  the  marine  terraces,  while  the  base  is  situated, 
generally  speaking,  about  20  ft.  above  the  present  stream  and  river 
system,  there  is  another  series  of  drifts,  so  closely  resembling  the 
former,  that  in  some  situations  it  is  difficolt  to  avoid  confusing  them, 
as  they  contain  all  the  materials  of  the  older  drift,  and  often  assume 
the  same  rounded  contour.  The  principal  distinguishing  character- 
istics are,  1st :  The  presence  of  quartzite  pebbles  from  the  Triassio 
conglomerate,  generally  in  considerable  numbers.  2ndly.  The 
entire  absence  of  any  trace  of  shells.  These  drifts  are  principally 
composed  of  the  re-assorted  and  degraded  materials  of  the  marine 
beds,  so  thoroughly  "washed  and  sifted"  as  to  destroy  all  organic 
remains,  with  the  addition  of  the  round  quartzite  pebbles,  pink, 
white,  and  yellow.  They  correspond  in  many  particulars  to  Mr. 
Kinahan's  "  Esker  Drift,"'  but  they  differ  in  one  respect — the 
presence  of  a  large  number  of  flints  in  some  of  the  beds.  Boulders 
of  grey  granite  sometimes  occur  in  connection  with  them.  They  do 
not  occur  generally  in  terraces,  but  are  spread  out  over  most  of  the 
flat  country,  though  they  sometimes  form  mounds  and  banks  on  the 
sides  of  river  valleys.  They  are,  I  think,  the  remains  of  an  older 
and  more  powerful  stream  and  river  system  than  that  now  in 
existence,  aided,  probably,  by  extensive  floods,  occasioned  by  melting 
snows,  and  possibly  by  the  action  of  land  ice.'  Had  they  been 
arranged  by  marine  currents,  we  could  hardly  fail  to  find  some 
traces  of  marine  organisms,  considering  how  abundant  these  are  in 
the  older  drift,  and  how  invariably  they  fringe  the  courses  of  such 
currents,  tidal  or  otherwise,  in  the  present  sea. 

The  Werf,  a  small  tributary  of  the  Severn,  flowing  from  a  few 
miles  east  of  Shifnal,  through  Ryton  and  Beckbury  to  Bridgenorth, 
cuts  its  way  through  high  banks  and  mounds  of  drift,  assuming  all 
the  outward  contour  of  marine  terraces,  but  composed  principally  of 
materials  from  the  neighbouring  Trias,  and — at  least  between  Cos- 
ford  and  Beckbury — without  shells.'  The  beds  occur  on  both  sides 
of  the  valley,  from  50  to  100  ft.  above  the  stream  ;  and  one  of  the 
most  striking  facts  connected  with  them  is  the  way  in  which  the 
stream  cuts  into  them,  forming  its  own  bed  of  mud  and  silt — not 
graveL  Some  of  the  mounds  between  Ryton  and  Beckbury  lie  end- 
ways to  the  stream. 

On  the  banks  of  the  river  Tern,  near  Crudgington,  there  occurs  a 
gravel  bed,  containing  numerous  flints,  crushed  and  chipped,  having 
evidently  been  exposed  to  some  grinding  process. 

In  the  neighbourhood  of  Merrington  Green  the  re-assorted  drifts 
are  foimd  occupying  the  valley  of  the  Perry,  where  they  likewise 
contain  flints,  and  also  lying  upon  hill-sides,  and  occupying  many 
positions  to  which  no  stream  now  in  existence  could  possibly  have 
borne  them.  Those  deposits  near  the  Perry  are  easily  distinguished 
from  the  older  gravel  by  being  bedded.     In  one  place,  near  Yeaton, 

1  Ofol.  Mao.,  Dec.,  1S69,  p.  569. 

»  See  Eev.  O.  Fisher's  "Denudations  of  Norfolk,"  Geol.  Mag.,  Dec.,  1868. 
s  Marine  drifts  do  occur,  I  am  told,  on  the  banks  of  this  stream,  nearer  to  Bridge- 
■orth. 
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they  are  blackened  by  an  impregnation  of  lignite.  I  have  already 
mentioned  the  donbtful  example  at  Leaton. 

Occasionally,  but  very  rarely,  mammalian  remains  occur  in  these 
beds.  I  am  indebted  to  Mr.  Blunt,  of  Shrewsbury,  for  two  teeth  of 
an  ox,  found  in  gravel  in  the  Abbey  Foregate,  Shrewsbury,  and 
a  horse's  tooth,  perfectly  blackened  with  age,  was  found  in  sand  in 
digging  the  foundation  of  a  bridge  between  the  villages  of  BrattoD 
and  Eyton,  near  Wellington. 

Tliere  appear  to  have  been  two  distinct  periods  of  denudation  in 
Shropshire  during  the  formation  of  this  whole  series  of  beds.  First, 
the  denudation  of  the  Lias ;  and  secondly,  that  of  the  Triassic  con- 
glomerate. The  former  of  these  must  have  been  effected  by  a  cur- 
rent from  the  north,  bearing  with  it  northern  materials,  granite,  eta 
Indeed,  its  course  across  the  plain  of  Cheshire  seems  well  marked  by 
the  clays,  sands,  and  gravels  which  it  deposited.  Crossing  the  Lias, 
of  which  the  remains  still  exist  on  the  Shropshire  and  Cheshire 
border,  overlying  the  Keuper  Marls,  it  proceeded  southward  across 
the  plain  of  North  Shropshire,  leaving  its  traces  in  the  deposits,  from 
the  Blue  Clay,  upwards,  to  the  sandy  gravels,  behind  it. 

The  Silurian  ridges  of  South  Shropshire  seem  to  have  acted  as  a 
check  to  its  progress,  which  was  diverted  to  the  south-east,  whence 
it  proceeded  down  "  the  ancient  Straits  of  Malvern  "  (weakened, 
however,  in  force,  and  bearing  a  very  diminished  number  of  recog- 
nizable species  of  shells)  into  the  Irish  Sea.  This,  at  least,  was  Sir 
Bodcrick  Murchison's  opinion,  and  there  scarcely  seems  sufficient 
reason,  in  any  of  the  modem  discoveries,  much  as  they  have  in- 
creased our  general  knowledge  of  these  beds,  to  weaken  its  force. 
"While,  therefore,  we  thankfully  accept  a  position  for  our  ancient  sea- 
beaches  on  the  horizon  of  the  Middle  Drift,  we  cannot  yet  give  up 
our  right  to  their  old  title,  bestowed  upon  them  by  the  father  of 
Shropshire  Geology,  that  of  "  Northern  Drift." 

Tlie  denudation  of  the  Triassic  conglomerate  took  place,  as  we 
have  seen,  at  a  later  period  and  under  different  auspices.  The 
reasons  which  render  it  doubtful  whether  this  coidd  have  been  the 
effect  of  marine  agency,  have  been  already  stated,  while  on  the  other 
hand  the  very  large  amount  of  material  removed  (for  this  bed,  h'ke 
the  Lias,  remains  a  mere  wreck  of  what  it  has  been),  and  its  even 
distribution  over  the  plain,  show  it  to  have  been  the  work  of  far 
more  powerful  and  widely-spread  forces  than  any  now  in  action ;  and 
again,  as  the  materials  of  these  re-assorted  drifts  are  all  derived 
from  local  sources,  the  presumption  is  that  they  owe  their  origin  to 
local  agents. 

Between  these  two  periods,  one  apparently  of  general,  the  other 
of  local  denudation,  there  was  an  interv^al  of  which  we  have  in 
Shropshire  no  traces— that  of  the  later  Boulder-Clay.  I  am  not 
aware  of  any  instance  in  which  the  marine  drift  is  overlain  by  day, 
nor  have  we  any  beds  in  any  part  of  North  Shropshire  that  can  be 
assigned  to  this  formation.  It  is  difficult,  sometimes  it  seems  well 
nigh  impossible,  to  correlate  any  series  of  beds  with  those  corres- 
ponding to  them  in  another  series,  known  only  by  description,  how- 
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ever  lucid  and  exact  snob  descriptions  may  be.  Tbe  idea  tbrougbont 
Hub  paper  bas  been  to  place  tbe  Pleistocene  deposits  of  Sbropsbiie, 
especiidly  tbose  underlying  tbe  Middle  Drift,  to  wbicb  Professor 
Harkness  bas  satisfactorily  assigned  its  true  position,  on  borizons 
ocyrreiponding  to  some  of  tbe  beds  on  tbe  eastern  coast;  but,  aware  of 
the  very  unsatisfactory  nature  of  tbe  evidence  afforded  by  tbe  few 
species  of  sbells  found  in  our  lower  clays  and  gravels,  I  bave  re- 
frained from  applying  to  tbem  any  of  tbe  terms  by  wbicb  Messrs. 
Haimer  and  Searles  Wood  bave  designated  tbeir  lower  glacial 
deposits,  wbicb  migbt  prove  to  be  entire  misnomers.  I  sbould  be 
most  grateful  for  lists  of  species  found  in  glacial  deposits  in  any 
locality,  and  would  gladly  excbange  specimens  from  our  middle 
drifts  for  sbells  from  tbose  beds.  Collecting  tbese  specimens,  and 
TP^Ving  lists  of  tbem,  is  a  work  peculiarly  suited  to  lady  geologists, 
on  account  of  tbe  small  amount  of  manual  labour  involved,  and  the 
qmokness  of  eye  and  delicacy  of  toucb  demanded. 
Srrov,  MBAA  Wbllinoton,  Salop,  1669. 
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Blain  Mines,  South  Cumbebland. 

By  Mx88  E.  Hodgson. 

AT  a  meeting  of  tbe  Literary  and  Pbilosopbical  Society  of  Man- 
cbester,  December,  1867,  a  paper  was  read  by  Mr.  E.  W. 
Binney,  "  On  tbe  Age  of  tbe  Hasmatite  Iron  Deposits  of  Fumess," 
when  be  exhibited  and  described  some  iron-ore  fossila  brougbt  by 
me  from  tbe  Water  Blain  mines,  west  of  tbe  Duddon. 

Witbout  pretending  to  tbe  knowledge  of  Fossil  Botany  tbat 
enabled  Mr.  Binney  to  refer  tbese,  witbout  besitation,  to  LepidodeU' 
dron  and  Sttgmaria,  I  would,  on  introducing  tbe  subject  of  tbeir 
situation,  or  mode  of  occurrence,  say  tbat  the  frequent  careful  inves- 
tigations made,  on  every  opportunity  afforded  me  by  visiting  in  tbe 
neigbbourbood,  together  wiUi  tbe  daily  study  for  a  time  of  a  good 
selection  of  specimens,  bave  tended  to  confirm  a  belief  in  their  vege- 
table origin,  and  to  train  the  eye,  as  it  were,  into  a  recognition  of 
ligniform  structure,  wbicb,  on  account  of  their  highly  mineralized 
state,  is  liable  (except  by  tbose  well  practised  in  the  science)  to  be 
either  overlooked  or  misinterpreted. 

The  excavations  for  iron  ore  at  Water  Blain  are  on  tbe  band 
of  Coniston  Limestone  to  tbe  east  of  Millom  Park.  Tbe  geology 
of  tbe  tract  is  noticed  by  Professor  Sedgwick.  After  describing  a 
series  of  faults  which  dislocated  tbe  entire  region — '*  tore  the  whole 
system  of  Millom  Park  bodily  from  tbe  other  rocks  of  the  same  age, 
and  carried  them  full  two  miles  to  the  south-east  of  their  original 
strike"  (tbe  succeeding  Coniston  Limestone  group  likewise),  he 
says : — "  From  tbe  marshes  south-east  of  Wander-bill^  to  the  pastures 
south-west  of  Beck  Farm,  a  distance  of  full  two  miles,  the  Coniston 
Limestone  group  is  magnificently  developed.'* 

^  Wander-hill,  of  the  old  Cumberland  Maps— Under-hill  of  the  Ordnanoe  8' 

VOL.  Vn. — VO.  ULXX. 
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It  is  within  this  **  distanoe  of  two  miles "  that  Water  BLun  is' 
situated.  Again : — *'  At  Water  Blain  the  limestone  is  out  through 
hy  a  fault,  marked  by  a  narrow  marshy  valley,  beyond  whioh  the 
limestone  is  contorted,  and  traversed  by  thick  veins  of  red  oxide  of 
iron."  Mention  is  also  made  of  the  limestone  being  ''partially 
altered,  and  penetrated  by  flakes  of  serpentine."  See  a  paper  l^ 
Prof.  Sedgwick,  "  On  the  Classifloation  of  the  Fossiliferous  Slates  of 
Cumberland,  Westmoreland,  and  Lancashire/'  read  before  the  QeoL 
Soc.  London,  1846. 

The  following  particulars  relating  to  the  fossils,  kindly  furnished 
by  Mr.  Ezekiel  Dawson,  manager  of  the  mines,  have  now  been  more 
than  a  year  in  my  possession,  and  I  am  unwilling  they  should  any 
longer  remain  unpublished,  as  I  think  they  may  render  the  subjeot 
more  intelligible  to  the  minds  of  those  who  have  demurred  at  the 
announcement  of  fossil  trees  being  found  in  the  older  rooks.  They 
were  communicated,  partly  in  conversation  and  partly  by  corrs^ 
spondence,  and  they  are,  I  believe,  faithful  records  of  the  facta. 

It  was  in  the  early  part  of  the  year  1866  that  this  interesting 
discovery  was  made.  A  large  fossiliferous  mass,  or  tree-trunk,  was 
met  with  standing  erect  in  a  cleft  or  cavity  of  the  limestone,  resting 
upon,  and  surmoimted  by,  horizontal  beds  of  what  Mr.  Binney  calls 
ironstone.  The  depth  of  the  deft  from  the  surface  was  about  20  ft., 
having  a  capping,  over  the  mineral,  of  drift — the  Boulder-day  of 
the  country.    The  width  of  the  deft  might  be  50  ft.  by  36  ft. 

The  fossil,  as  near  as  could  be  remembered,  had  stood  from  12  to 
15  ft.  high ;  its  diameter,  at  base,  being  from  20  in.  to  2  ft.  It  was 
branchless,  and  without  any  observable  ramifying  roots — "vezy 
like"  (Mr.  Dawson  said,  on  its  being  shown  to  him)  "the  figure 
given  by  Mantell,  from  Lindley  and  "ELuitoiitOf  SigtUaria  packyderfna** 
—Wonders  of  Geology,  sixth  edition,  vol.  ii.  p.  719,  Lign.  161 — 
"  the  top  of  the  fossil  making  the  beds  of  ore  overlying  it  assume  a 
convex  form,  thus" : — 


From  a  riLetoh  by  Mr.  El  Dawwrn. 

while  they  were  also  observed  to  have  sloped  up  towards  it,  on  all 
sides,  at  a  gentle  angle  from  a  distance  of  two  or  three  feet  throu^- 
out  its  depth.  As  the  miners  came  upon  the  tree  at  two  levels,  I 
was  anxious  to  learn  whether  any  l^rk-markings  had  presented 
themselves;  but  while  it  was  admitted  that,  roughly,  there  might 
have  been  some  resemblance  to  certain  bark  structures,  yet  it  must 
mainly  be  described  as  having  had  ''a  coarse  spany  orust;  with 
vertical  'pipes'  running  through  it"  The  miner's  language  is 
capable,  no  doubt,  of  translation  by  the  botanist. 

A  block  from  this  trunk,  identified  as  such  by  Mr.  Dawson,  with 
two  smaller  specimens  of  tJie  same,  selected  by  himself,  and  handed 
to  me  with  the  remark  that  they  were  "  veiy  like  wood,'^  are  now  in 
the  possession  of  Mr.  Binnqr^ 
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Bat  the  above  tree-like  form  was  not  the  whole  of  the  disoovery. 
Imbedded  likewise  in  the  ironstone,  and  oocurring  for  the  most  part 
near  the  walls  of  the  place,  and  low  down,  were  nnmerous  twig-(?) 
like  remains.  These  are  of  a  harder  natnre  than  the  tmnk  mass — 
they  are  in  better  preservation — and  in  some  specimens  exhibit 
beuitifiil  minute  striation,  with  what  seem  to  me  to  be  little  scars 
anranged  in  a  uniform  pattern.  They  are  well  worth  coUeoting, 
are  not  very  8caroe»  and  the  miner's  hammer  will  bring  out  good 
ezamplee. 

The  deft,  whence  all  that  was  of  interest  has  long  been  removed, 
is  now  partially  filled  with  mining  refuse  and  rock  debris.  In  the 
eastern  end  <^  it  a  shaft  was  sunk  upwards  of  forty  feet  further, 
passing  through  decomposed  limestone  containing  one  bed  of  ore. 
Fiom  tiie  shaft,  adits  have  been  driven  beneath  the  floor  into  sound 
limeafame  generally,  with  here  and  there  decomposed  portions  tinged 
with  the  mineral.  The  marketable  product,  associated  with  the 
fossils,  was  the  soft  red  oxide,  found  in  layers  of  from  one  to  seven  or 
eight  inches  thidc  between  the  hard  beds  of  ironstone,  several 
himdred  tons  <rf  which  had  been  gained.  Lamination  is  sometimes 
finely  shown  in  blocks  from  the  hard  beds,  and  cleavage-planes,  at 
li^t  angles  to  the  bedding,  set  with  glittering  crystals  of  iron- 
stained  quartz. 

Narrow  fissures  in  the  limestones  near,  open  to  the  drift,  have 
revealed  other  curious  forms  of  haematite,  but  whether  they  also  are 
of  vegetable  origin,  I  am  unable  to  say.  Their  chief  peculiarity  is 
a  kind  of  foliation,  ascribed  by  some  observers  to  heat,  but  which  I 
would  suppose  might  be  the  result  of  great  pressure :  they  are 
unlike  any  varieties  I  have  ever  seen  in  Furness.^ 


-  V. — On  Faults  in  Strata. 
By  W.  T.  Blanford,  A.R.S.M.,  F.G.S. 

r  friend  and  colleague,  Mr.  H.  B.  Medlicott,  published,  in  the 
August  (1869)  number  of  the  Geological  Magazine,  a  paper 
"  On  Faults  in  Strata,*'  in  which  he  endeavoured  to  show  that  the 
evidence  usually  accepted  for  faults,  in  the  true  geological  accep- 
tation of  the  term,  is  insufficient ;  that  a  large  number  of  the 
lines  of  junction  between  rocks  of  dissimilar  age,  usually  mapped 
by  the  Survey  of  Great  Britain  and  other  Surveys  as  "  faults,"  are, 
in  truth,  natural  junctions,  due  to  deposition  against  difis  or  other 
steep  surfaces ;  and  that  direct  evidence  of  friction  is  necessary  to 
establish  the  existence  of  a  fault  The  latter  is  rather  left  to  be 
inferred  than  positively  asserted  ;  nevertheless  it  is  very  clearly 
intimated  that  it  is  the  writer's  opinion. 

I  have  expected  in  vain  that  some  member  of  the  Geological 
Survey  of  Ghneat  Britain  would  have  defended  the  system  of  mapping' 
adopted  in  that  Survey,  but  hitherto  no  one  has  replied  to  Mn 

^  Two  trticlM  on  the  labject jnipeared  in  The  Orange  Vieitor — a  weeklj  newipi^Mr 
fcr  1868,  D.  Atkinion,  printer,  Ulventone— by  Mr.  J.  P.  MoniB  and  Mr.  6aninst\%ttSu 
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Medliootf  B  remarks.  The  subject  is  one  of  very  great  integoat  and 
importanoe,  indeed  it  may  be  said  to  be  a  fundamental  question  in 
G^logical  Surveying ;  and,  as  I  differ  in  opinion  from  Mr.  Medlicott, 
I  wish  to  offer  a  few  remarks  in  defence  of  the  faults. 

The  first  point  upon  which  I  should  join  issue  with  Mr.  Medlioott 
is  his  demand  for  direct  evidence  of  friction  surfaces  •r  $Uekemmde$, 
I  have  not  myself  noticed  these,  as  a  rule,  in  undoubted  fiuilts — ^I 
mean  faults  exposed  in  cliff  or  mine-seetions,  in  which  the  beds  are 
distinctly  seen  at  different  horizons  at  the  opposite  sides  of  the  fiiult— 
and  I  believe  that  my  experience  in  this  respect  will  be  corroborated 
by  most  field-surveyors.  Mr.  Medlioott  refers  to  the  parallel  oase  of 
glacial  action,  but  to  this  I  object  entirely,  for  two  reasons : — 

1st.  The  circumstances  under  which  friction-surfiioes  produced  by 
glaciers  become  visible  involve  the  partial  or  total  disappearance  of 
the  glacier — a  process  not  necessarily  attended  by  any  important 
weathering  of  the  rock-surfaces  against  which  the  glacier  impinged ; 
but  the  removal  by  denudation  of  a  large  portion  of  the  rook  from 
one  side  of  a  fault,  without  any  weathering  of  the  opposite  surface,  is 
almost  an  impossibility.  In  ninety-nine  oases  out  of  a  hundred,  the 
rocks  on  both  sides  of  a  fault  weather  evenly,  or  nearly  so;  the 
harder  rock  rising  from  the  line  of  fault  gradually.  In  order  to  find 
the  parallel  to  this,  the  rock  bounding  a  glacier  should  be  removed 
part  passu  with  the  glacier  itself,  no  bergsehrund  or  fissure  inter- 
vening. Under  these  circumstances  it  would  be  rather  a  difficult 
matter  to  find  roehes  maHtonndSf  or  grooved  and  polished  sur&oes. 

2nd.  The  polished  and  grooved  surfaces,  which  prove  the  former 
existence  of  glaciers,  are  invariably  on  the  hardest  and  least  easily 
weathered  rocks,  and  are,  geologically,  of  recent  origin.  No  one 
supposes  that  any  such  evidence  could  now  be  found,  even  of 
Pliocene  glaciers ;  but  faults  are  of  all  ages,  the  vast  majority  being 
Pre-tertiary  at  least.  Again,  every  field  geologist,  who  has  worked 
in  countries  where  granitic  and  other  crystalline  rocks  occur,  must 
have  noticed  the  remarkable  manner  in  which  smooth  surfaces,  freelj 
exposed,  resist  weathering.  Blocks  of  granite  may  often  be  seen,  toe 
upper  exposed  surfaces  of  which  are  fresh  and  unaltered,  whilst  the 
sides  and  lower  surfaces,  which  have  been  in  contact  with  turf  soil 
or  other  masses  of  rock,  are  much  disintegrated.  The  former,  free 
closure,  is  the  condition  of  the  glacier- worn  surfaces,  most  of  which 
are  on  crystalline  rocks ;  they  have  never  been  exposed  to  any  more 
destructive  influence  than  that  of  pure  water  in  the  shape  of  rain : 
the  latter,  that  of  contact  with  other  rocks,  is  the  condition  of  the 
polished  or  grooved  surfaces  in  a  fault.  Moreover,  a  fault  is  usually 
more  or  less  a  plane  of  percolation  for  waters,  often,  if  not  invariably, 
charged  to  a  certain  extent  with  gases  and  salts  in  solution,  and  thus 
oapable  of  effecting  a  chemical  change  in  the  rocks  peroolated,  which 
wul  certainly  destroy  friction-surfaces;  and  these  destroying  in- 
fluences have,  in  the  vast  majority  of  faults,  been  at  work,  not  since 
the  glacial  epoch  merely,  but  through  the  countless  ages  of  geological 
time  which  have  elapsed  since  the  Mezozoic  or  even  the  Palsdosoio 
Ibrmations  were  consolidated. 
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For  these  reMOns  I  believe  that  fnotion-surfaces  in  faults  rarelj 
eiiBt,  and  can  still  more  rarely  be  seen  ;  and  I  believe  a  false  prin- 
ciple will  be  introduced  into  geological  surveying  if  their  existence 
be  demanded  as  the  only  direct  proof  of  faulting. 

The  next  point  upon  which  I  differ  from  my  friend  is  the  confusion 
whiidi,  in  his  opinion,  exists  between  lines  of  fault  and  abrupt 
bofmdariee  caused  by  deposition  against  steep  surfaces  of  older  rocks. 
In  my  opinion  these  can  but  rarely  be  mistaken  for  each  other,  and 
for  this  reason ; — 

Scarps  and  cli£b,  throughout  the  world,  rarely,  if  ever,  are  either 
itraigfat  or  composed  of  a  series  of  straight  lines.  Almost  invariably 
they  are  much  curved,  indented,  and  cut  back  every  here  and  there 
by  valleys.  Now  the  essential  character  of  a  &ult  is  that  its  direc- 
tion i^yproaches  a  straight  line,  or  is  formed  of  a  number  of  straight 
lines  meeting  each  other  at  angles,  usually  open  or  obtuse,  rarely  or 
never  in  deep  curves.  The  straightness  of  a  line  of  boundary  is,  I 
think,  by  moist  geolc^ists  considered  far  more  important  evidence  of 
fiMilting  than  friction  surfaces ;  and  it  has  the  enormous  advantage  of 
being  more  easily  demonstrated.  Now  this  most  important  point  is 
entizely  omitted  by  Mr.  Medlioott,  who  does  not  even  refer  to  it ;  and 
yet  it  is  by  this  character  that  the  great  abrupt  lines  of  boundary, 
which  are  so  remarkable  a  feature  in  certain  Indian  deposits,  and 
which  almost  invariably  limit  the  principal  Indian  coal-fields,  on  one 
side  at  least,  have  been  by  myself  and  several  of  my  fellow- surveyors 
attributed  to  faulting — a  view  which  Mr.  Medlicott  disputes.  Unless 
I  am  greatly  mistaken,  this  character  is  also  considered  essential  by 
Professor  Bamsay  and  the  officers  of  the  Geological  Survey  of  Great 
Britain. 

Unquestionably  Mr.  MedIicott*s  warning  against  carelessness  in 
assuming  all  abrupt  boundaries  to  be  faults,  merely  because  there  is 
evidence  of  crushing,  is  just ;  and  I  believe  that  many  instances  have 
occurred,  where  the  boundaries  in  question  are  obscure,  and  their 
length  and  the  apparent  throw  inconsiderable,  in  which  mistakes 
have  been  made  ;  but  these  mistakes  will,  I  believe,  usually  be  found 
to  be  of  small  practical  or  scientific  importance.  It  is  not  at  all  my 
intention  to  enter  into  the  question  of  the  great  lines  of  abrupt 
boundary  on  the  flanks  of  the  Alps  and  Himalayas.  Mr.  Medlicott's 
evidence  is,  in  the  latter  case,  for  a  portion  at  least  of  the  boundaries, 
incontestable.  But  I  object  to  his  illustration  from  the  Garo  hills. 
Because  he  in  one  spot  foimd  a  natural  boundary,  it  does  not  seem  to 
me  a  logical  inference  that  there  is  no  fault  at  all.  He  admits  there 
has  been  great  and  abrupt  '*  relative  movement"  It  should  not  be 
forgotten  that  observations  at  the  base  of  the  Garo  hills  are  made  in 
pathless  jungle-forest,  of  a  kind  of  which  European  geologists  can 
have  but  a  faint  conception — where  an  elephant  may  be  standing 
within  two  yards,  and  yet  be  utterly  invisible — in  the  densest  of  under- 
wood beneath  thick  high  trees,  where,  as  a  rule,  rocks  are  only  to  be 
seen  in  stream  sections.  In  such  ground,  especially,  the  presence  or 
absence  of  a  ''master-fault"  would,  to  my  mind,  be  entirely  de- 
pendent on  the  form  of  the  boundary,  straight  or  curved ;  and  if  thi^ 
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boundary  were  straight,  I  should  conclude  that  the  diaoo'veiy  of  siicl 
a  natural  junction  as  that  described  by  Mr.  Medlicott  provedy  not  th 
absence  of  a  fault,  but  simply  that  in  that  spot  the  newer  rocks  hai 
been  denuded  away  from  the  neighbourhood  of  the  faulty  and  th 
natural  boundary  exposed.  I  do  not  mean  for  an  instant  to  asser 
that  this  is  the  case  at  the  foot  of  the  Gkuro  hills ;  all  I  contend  u 
that  the  evidence  offered  does  not,  to  my  mind,  disprove  the  ezistenoi 
of  a  fault. 
Chanda,  Central  Profinoes  of  India,  Jan.  8rd,  1870. 


VI. — On  Faults  in  Strata. 

By  6.  H.  KiNAHAN,  M.R.I.A.,  F.R.6.S.I.,  fte. 

THE  acute  observation  of  the  late  Professor  J.  Beete  Jukes,  combine< 
with  his  power  of  reasoning  from  Nature,  and  by  Xature*s  lawe 
enabled  him  at  once  to  be  capable  of  explaining  the  relations  o 
complicated  strata,  over  which  others  might  puzzle  for  months 
neither  was  ho  unwilling  to  impart  his  knowledge  to  others,  fo; 
nothing  seemed  to  give  him  greater  pleasure  than  teaching  an( 
explaining  away  difficulties,  by  pointing  out  the  similarity  betweei 
the  former  and  present  agents  at  work  fashioning  the  surface  of  ou: 
earth. 

In  Mr.  Medlicott's  paper  '*  On  Faults  in  Strata,"  ^  similar  argument 
to  many  of  those  of  this  eminent  geologist,  against  the  indiscriminat 
use  of  faults,  are  given.  Moreover,  Mr.  Jukes  often  impressed  oi 
his  assistants  that  which  is  here  so  well  put  forward  by  Mr.  Medlioot 
— "  The  result  may  look  very  well,  but  it  will  leave  us  no  wiser  w 
to  the  natural  history  of  the  rocks." 

At  the  present  day,  the  marginal  rocks  of  groups,  now  iu  th< 
course  of  formation,  are  as  often  being  deposited  at  the  base  o^  oi 
against,  a  cliff  as  elsewhere  ;  and  if  now,  why  in  the  ages  long  pasi 
should  not  similarly  placed  rock  have  been  formed?  That  the^ 
should  exist  seems  probable,  and  the  following  instances  in  Ireland 
worked  out  under  the  superintendence  and  with  the  able  assistance 
of  Mr.  Jukes,  may  be  mentioned.  In  the  county  of  Limerick,  lime 
stone  and  other  rocks  of  the  Carboniferous  age  are  deposited  against 
masses  of  contemporaneous  Igneous  rocks.^  In  Slieve  Bloom,  th< 
mountains  at  the  border  of  the  Kings  Co.,  in  the  hills  southward  oi 
Nenagh,Co.  Tipperary,  in  Slieve  Aughta,  the  mountains  at  the  junctioi 
of  Clare  and  Gralway.,  &c,  &c.,  the  basal  sandstones  and  conglomerates 
of  the  Carboniferous  period  [or  the  Old  Bed  Sandstone]  were  depo- 
sited against  cliffs  of  Lower  Silurian  rock ' ;  while  in  the  promontory 
of  Dingle,  Co.  Kerry,  the  basal  bed  ["  the  Inch  conglomerate"]  oi 
*'  the  Dingle  beds"  is  deposited  against  and  at  the  base  of  ancieni 
cliffs  of  Silurian  rocks  ^ ;  and  in  the  country  adjoining  the  north  part 

^  Qbol.  Maq.,  Vol.  YI.,  p.  341,  August,  1869. 

s  Memoirs  of  the  Geological  Surrey,  Maps  and  Explanations  of  Sheets  143, 144, 
153,  and  154. 
s  Jbid,  Maps  and  Explanations  of  Sheets  118,  124,  125,  126,  127, 134,  136. 
«  Ibid,  Maps  and  Ezpbinations  of  Sheets  160, 161,  171,  172. 
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of  Lon^  Oonib.  Go.  Galmr.  dwre  are  SflmsaB  rc-cks  deposited 
agunst  dift  of  Metamcvpiuc  lociks.^ 

In  tiie  places  ennmenied  there  are  good  diia  lor  the  mappiiig  of 
habBf  if  the  reiam«  dqis  and  itrikes  were  alone  considered :  how- 
erer,  in  none  of  the  places  nMniiaoed  are  the  nonnal  pDsitkns  vi  tha 
gioapa  or  Tamdes  of  rocks  changed  bj  ^nlts  or  dialoGaiions.  In 
the  King;*8  Gol.  TEpperarr.  Clare,  Galwaj.  and  Kerry,  wherever  a 
■ectkm  near  the  base  of  the  ciiffii  is  exposed,  the  old  shore-congla- 
merafte  ooGars,  over  which  the  other  recks  were>  deposited,  llfeeaa 
joonf^  vDcks — iiieapectiTelT  of  thoae  with  which  diej  are  in  jnxtn- 
positioa — aometimes  dip  awaj  from  the  dil&  :  in  other  places  thej 
are  horizontal,  while  ofken  thej  dip  towards  them.  The  last-named 
position  woold  be  quoted,  bj  acme  geologists,  as  eridence  of  a  fink  : 
however,  no  dislocation  is  neeesBBrr.  for  if  the  Tc^mcer  strata,  after 
dqMsition,  were  twisted  or  contorted,  parts  of  them  would  alm«?et 
eertninlj  faaTs  been  ao  distnrbed  that  dier  would  n*:'W  dip  towards 
tiie  difisy  while  originallT  they  were  deposited  horixontally.  or  dip- 
ping away  frofm  the  diflfe.  In  the  Co.  Ijimerick  fanhs  might  be  also 
insefted,  aa  in  places  the  ^'Derivate- rocks  *^  occur,  striking  up 
f^KJ^*^  the  "Ingenite  rocks:'*'  bat  if  the  coontry  is  properly  examined, 
it  will  be  found  that  higher  beds  are  continuous  over  both  clas&esv 
proring  that  the  ^  DeriTate-rocks."  which  strike  gainst  the  Igneoos- 
rocks,  were  deposited  in  hollows,  or  i^ainst  clifTs. 

Although  £nctioii-smfM:cs  generally  oeear  in  the  fault-lines,  if  it 
ii  a  simple  fault,  or  on  the  two  walls,  if  the  line  of  break  is  marked 
by  a  dyke  of  "  Fanlt-rock "  *  yet  in  some  instances  none  can  be 
obeerred,  all  traces  having  been  obliterated  by  a  suVseqnent  acti<,^n. 
If  rocks,  after  being  faolted.  are  metamorphosed,  the  Fault-r:<rk  may 
be  cemented  to  the  adjoining  rocks,  and  thereby  make  a  compact 
mass,  which  will  be  easier  brc*ken  anywiiere  than  along  the  original 
walls  of  the  dyke  or  vein  of  Faalt-rock.  As  soch  cases  seem  to  be 
the  only  exceptions  to  the  role  as  laid  down  by  Mr.  Medlioott,  they 
appear  to  add  weight  to  it :  moreoTer.  even  in  tbem  the  obliteration 
of  the  friction-surfaces  is  not  uniTersal :  for  if  the  original  Faalt-rock 
were  jiookam^  or  any  flaky  stuff,  the  subsequent  metamorphio  action 
would  be  almost  sure  to  have  altered  it  into  a  schistose  rock,  with 
a  foliation  parallel,  or  nearly  so.  to  the  walls  of  the  dyke,  and  thereby 
not  disturbing  the  features  of  the  original  walls,  except,  perhaps, 
by  modifying  the    termination  of  the   planes   of  foliation  in  the 

joining  rocks. 


Vn. — ^Thk  Watkb-Beasisg   Strata   i2k   ths  NuGHBorRHOOD  or 

Norwich. 

Bj  JoHX  £.  TATLoa,  F.G.S.,  etc.,  and  A.  W.  Mobaxt,  F.O.S..  etc. 

fllHE  extengTe  excavations  for  sewerage  purposes,  which  have  been 
X  going  on  for  nearly  two  years,  have  brought  to  light  several 
peculiarities  in  the  relative  water-bearing  properties  of  the  various 
strata  in  the  neighbourhood  of  Norwich. 

^  Geological  Map  of  Ireland,  Sheet  95.  '  Sedimentanr  rock  ?— Edit. 

'  ]^veous  rocks  r — ^Edit. 

*  Tne  rock  made  np  of  the  dehris  of  the  rocks  through  v^ch  Oie  UtiIx  ^^laaca.     d 
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It  is  thirty  years  ago  sinoe  Sir  Charles  Lyell  propounded  a  tiheoiy 
which  should  explain  the  oocurrenoe  of  sand-pipes,  or  "  sand  galls," 
as  they  are  termed  in  Norfolk,  in  the  Chalk  strata.  It  is  scaroely 
neoessary  to  mention  that  this  was  based  on  the  power  of  perco« 
lating  vrater,  slightly  charged  with  acid,  to  dissolye  and  remoye 
masses  of  calcareous  material.  Although  this  theory  was  combated 
by  the  late  Mr.  Stark,  of  Norwich,  who  endeavoured  to  explain  the 
origin  of  sand-pipes  in  the  chedk  by  referring  them  to  fissures  or 
crevices  which  hctd  been  subsequently  widened,  the  explanation  just 
referred  to,  backed  as  it  afterwards  was  by  the  researches  of  Mr. 
Prestwich,  gradually  passed  into  common  acceptance.  Lately  there 
has  been  a  disposition,  on  the  part  of  several  geologists,  to  ascribe 
many  of  these  sand-pipes  to  the  mechanical  action  of  miniature 
whirlpools  triturating  the  bottom  by  the  grinding  power  of  gravel 
and  coarse  sand.  We  doubt  not  that  in  some  of  the  harder  rocks 
small  hollows  may  thus  be  formed,  but  we  are  convinoed  that  no 
other  theory  than  that  of  chemical  action  will  account  for  the  large 
and  small  sand-pipes  in  calcareous  strata.  In  the  neighbourhood  of 
Norwich,  where  the  Upper  Boulder-day  contains  large  quantities  of 
chalky  rubble,  small  sand-pipes  are  common,  showing  that  the 
water  has  dissolved  as  much  as  it  possibly  could  of  the  calcareous 
material.  The  thickly  bedded  Norwich  Crag  is  frequently  dissolved 
away  in  a  similar  manner,  and  this  phenomenon  is  still  more 
common  in  the  Red  and  CorsJline  Crag  districts. 

We  regard  these  sand-pipes  as  so  many  natural  drains.  The 
recent  classifications  which  have  been  made  in  Norfolk  geology, 
however,  bear  a  distinct  relation  to  the  mode  in  which  sand-pipes 
occur.  In  the  first  place,  wherever  we  have  the  diBiurhed  or 
**  glaciated "  Chalk,  these  pipes  are  usually  present  in  the  greatest 
number.  On  the  contrary,  where  the  hard  undisturbed  Chalk  oomes 
up,  sand-pipes  are  of  rarer  occurrence.  The  recent  drainage  excava- 
tions prove  that  water  percolates  very  slowly,  and  with  great  diffi- 
culty, through  the  re-deposited  Chalk.  This  gives  the  dUuted  acid 
more  time  to  operate,  and  as  the  Chalk  is  very  much  comminuted, 
the  liquid  is  better  able  to  act  upon  it,  owing  to  the  number  of  sur- 
faces thus  presented.  In  the  hard  or  undisturbed  chalk  the  vrater 
sooner  disappears,  although  in  larger  quantities,  through  the  various 
joints  and  fissures,  and  along  the  horizontal  beds  of  flint,  until  it 
reaches  the  level  of  saturation. 

It  is  the  re-deposited  Chalk,  or  "  Chalk-marl, "  as  it  is  called  in 
the  vernacular,  which  is  distinguished  in  the  neighbourhood  of 
Norwich  by  numerous  sand-pipes.  In  some  instances  the  perco- 
lating water  has  carried  down  into  the  marl  minute  portions  of 
oxide  of  iron,  which  have  more  or  less  coloured  the  stratum,  and 
cemented  it  more  firmly  together.  The  area  of  this  re-deposited 
Chalk,  and  the  number  of  sand-pipes  found  in  it,  are  more  or 
less  governed  by  the  nature  of  the  overlying  strata.  As  might  be 
expected,  they  are  most  numerous  where  these  consist  of  alternate 
layers  of  sand  and  gravel.  The  surface-water  readily  finds  its 
way  through  these,  and  instantly  acts  upon  the  Chalk.    Sometimes 
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tfie  lower  sbnatum  of  gravel  ib  veiy  much  oonsolidated  and  extremely 
hardy  owing  to  Uie  water  having  carried  down  portions  of  oxide  of 
iron  £rom  the  upper  to  the  lower  parts,  which  it  has  thus  cemented 
together.  When  the  re-deposited  Chalk  is  overlain  by  beds  of  clay 
or  brick-earth,  sand-pipes  are  rarer  in  occurrence,  and  smaller  in 
ua.  The  rarity  is  due  to  the  difficulty  of  percolation,  and  the  small 
size  to  the  slight  percentage  of  acid  having  already  combined  with, 
and  dissolved,  the  calcareous  matter  mixed  with  the  brick-earths  or 
days.  ,  The  tortuous  or  winding  sand-pipes  usually  occur  where 
the  overlying  strata  overlap  each  other's  edges,  so  that  the  action  of 
the  water  has  been  guided  by  its  line  of  drainage. 

The  pebble  beds  of  the  Lower  Drift  are  largely  developed  in  the 
nei^bonrhood  of  Norwich,  and  where  these  overlie  the  re-deposited 
Chalk,  sand-pipes  are  very  common.  We  have  remarked  on  the 
oementing  power  of  the  percolating  water,  and  several  instances  are 
on  reoord  where  hollows  occur  in  these  gravels,  just  above  the  sand- 
pipes,  as  at  Horstead,  Brandon,  etc.  In  every  case  these  hollows,  or 
natural  caverns,  have  been  caused  by  the  falling  of  portions  of 
the  overiying  gravels  into  the  hollow  pipes  dissolved  out  of  the 
chalk,  inds  circumstance  utterly  precludes  the  possibility  of  sand- 
pipes  having  been  eroded  by  mechanical  action.  As  has  already 
been  remarked  by  Sir  Charles  Lyell  and  Mr.  Prestwieb,  in  every 
case  the  sand-pipes  are  filled  up  by  material  falling  in  from  above, 
or  carried  there  by  the  water  in  its  process  of  dissolution.  The  age 
of  these  sand-pipes,  or  rather  of  their  filling-up,  can  sometimes  be 
told.  For  instaoice,  last  May  there  was  exposed  in  a  marl-pit  at 
Coltishall,  about  six  miles  from  Norwich,  a  fine  sand-pipe,  running 
down  the  face  of  the  section,  and  having  a  diameter  of  nearly  forty 
feet.  Hie  pebble  beds  overlie  the  chalk,  and  we  could  plainly  see 
where  the  whole  of  the  strata  overlying  the  pipe  had  been  let  bodily 
down  to  a  depth  of  above  twenty  feet  from  their  original  position. 
Notwithstanding  this,  the  contour  of  the  surface  was  not  affected  in 
the  slightest  degree,  so  that  this  sand-pipe  must  have  been  formed, 
and  the  pebble  beds  let  into  it,  before  the  existing  configuration  of 
the  surface  was  produced.  During  the  progress  of  the  sewerage  works, 
several  pumping-engines  have  been  working  night  and  day,  lifting 
about  17,000,000  gallons  of  water  in  each  twenty -four  hours.  The 
wells  for  two  miles  round  Norwich  have  mostly  been  drained,  although 
the  river,  which  flows  through  the  middle  of  the  drained  area,  has  been 
unaffected.  The  wells  sunk  in  the  solid  undisturbed  Chalk,  were 
those  first  affected ;  the  wells  situated  in  the  re-deposited  Chalk,  or 
"chalk-marl,"  being  so  in  a  less  degree.  Wells  on  the  higher 
grounds,  sunk  through  the  sand  and  gravel,  have  been  untouched, 
especially  if  they  had  a  bottom  of  brick-earth.  In  practical  well 
sinking  it  has  been  found  necessary  to  bore  through  the  re-deposited 
Chalk  until  the  underlying  hard  chalk,  into  which  it  gradually 
passes,  was  reached,  when  water  is  found  in  abundance.  The  thick- 
ness of  this  marl  varies  from  ten  to  thirty  or  forty  feet. 

The  most  important  point  in  the  sewerage  works,  as  bearing  in- 
directly upon  the  excavation  of  the  proposed  Channel  Tunnel,  is  the 
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fact  that  the  chief  difficulties  met  with  in  engineering  operationB 
occurred  beneath  the  riyer  level.  Here  the  chalk  and  marl  are 
thoroughly  saturated,  and,  at  only  twenty  feet  below  the  level  of  the 
water  in  the  river,  it  was  found  neceesary  to  doae-timber  the 
top  and  sides  of  the  tunnel  before  the  brickwork  could  be  put 
in,  on  account  of  its  giving  way  by  the  pressure  of  water.  .The 
springs  under  the  head  of  only  twenty  feet  also  boiled  up  with 
great  force.  On  the  contrary,  above  the  water  level*  drift- 
ways were  driven  hundreds  of  feet  in  length,  and  left  for  mcmths 
together,  without  any  timber  shoring  being  required.  It'  requiies 
little  imagination  to  perceive  how  great  will  be  the  preaanre  of 
water,  and  how  immense  the  difficulties  arising  from  it,  in  the  pro- 
posed Channel  Tunnel,  excavated  beneath  twenty  or  thirty  fathoms  of 
water,  and  through  a  bed  of  liard  chalk,  doubtless  abounding  in 
joints  and  fissures.  It  has  been  the  low  level,  twenty  feet  beneath 
that  of  the  rivor,  which  has  created  the  chief  engineering  difficulty 
and  expense  attending  the  sewerage  works  at  Norwich. 


Vlll. — The  Millstone  Grit  op  the  Nobth-Walbs  Bobdeb. 

By  D.  C.  Dayies,  Oswestry. 
{Concluded from  the  February  Number,  p.  73.*) 

The  total  thickness  of  Millstone  Grit  in  North  Wales  does  not 
quite  reach  300ft.  This  thickness  is,  I  am  aware,  considerably 
below  that  given  by  several  authors,  who  notice  this  formation  inci- 
dentally; but  I  am  prepared  to  say,  from  actual  and  computed 
measurement,  made  on  the  spot,  that  the  above  figures  are  sub- 
stantially correct  The  Carboniferous  system,  from  the  base  of  the 
Mountain  Limestone  to  that  of  the  Coal  Measures  in  North  Wales, 
is  but  an  epitome  of  the  same  beds  in  the  North  of  England,  the 
middle  member,  the  grits  and  sandstones,  being  thin  in  proportion. 

From  whence  were  the  materials  for  these  beds  derived  ?  This  is  a 
difficult  question  to  answer,  and  my  reply  must  be  taken  rather  as  a 
suggestion  than  as  the  solution  of  the  problem.  We  must  at  once 
pass  over  the  limestone,  because,  from  the  absence  of  fragments  of  it 
in  the  Grits,  as  well  as  from  the  fact  that  it  is  now  itself  jmrtially 
covered  by  them,  we  must  suppose  that  it  was  entirely  submerged 
at  the  time  of  the  deposition  of  the  latter;  partly  for  the  same 
reasons  we  must,  I  think,  pass  over,  for  the  most  part,  the  closely 
Adjacent  Silurian  beds,  although  in  these  we  should  find  all  the 
materials  required.  Quartz-veins  for  pebbles,  felspar  for  cement, 
iron  and  manganese  for  colour,  and  sand  in  abundance.  These 
materials  we  shall,  however,  find  in  greater  abundance  in  the 
Cambrian  and  other  older  rocks  that  make  up  now  the  western 
promontories  of  Wales,  some  lying  engulfed  in  Cardigan  Bay,  and 
which  once,  in  all  probability,  stretched  almost  indefinitely  towards 
that  fabled  Atlantis  of  the  west  which,  to  the  geologist  however,  is 
something  more  than  a  poet*s  dream. 

*  The  **  Pockets"  (Figs.  4-7,  p.  71)  occur  in  one  unbroken  bed  of  sandBtone,  as 
stated  in  the  text,  not  in  jointed  and  bedded  rock,  as  represented  in  the  woodcuts. 
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But  assuming  that  these  Grit  beds  owe  their  origin  to  the  destmo- 
tion  of  old  western  lands,  it  will  be  seen  that  a  considerable  amount 
of  sorting  of  the  materials  (both  mechanically  and  chemically)  would 
be  required  before  these  Sandstone  beds  oould  be  deposited  so  oom- 
paratively  free  from  extraneous  matter  as  we  now  jQnd  them.  Hie 
^Hiole  mass  mtist  haTo  been  sifted  and  re-arranged  according  to  its 
gravity,  bulk,  chemical  affinities,  depth  of  water,  etc.  That  these 
oonditions  have  often  changed  on  the  same  spot,  is  shown  by  the 
frequent  alternation  of  beds  of  clay,  shale,  and  sandstone.  Great 
quantities  of  the  lighter  felspathic  mud  would  be  carried  further  out 
to  sea,  and  may,  probably,  now  exist  as  fine  sedimentary  deposits 
beneath  the  Goal  Measures  of  the  Shropshire  and  Cheshire  plains. 
Is  it  out  of  place  to  imagine  that  in  these  lie  buried  the  Encrinite 
beads,  whose  stems  alone  remain  in  the  Sandstone  beds  of  the 
Millstone  Grit  ? 

FoBBtU  of  the  Millstone  Qrit  of  the  North  Wales  Border, — Judging 
from  its  appearance  elsewhere  geologists  have  generally  considered 
the  Millstone  Grit  devoid  of  fossils ;  a  sandy  Lybian  desert  by  the 
side  of  the  teeming  life  of  the  limestone  rocks.  Thus,  in  an  interest- 
ing book,  written  by  the  late  Mr.  George  Roberts,  of  Kidderminster, 
it  is  stated,  *'  Bands  of  drifted  plants  in  layers  distinct  from  the  rock 
are  found  in  its  Upper  Measures,  with  this  exception — the  Millstone 
Grit  is  void  of  fossils,  and  has  only  to  be  studied  for  its  mineral 
character."  Very  recently  the  Eev.  Charles  Kingsley  has  reiterated 
this  statement  in  one  of  his  papers,  in  "Good  Words  for  the  Young." 

In  the  year  1860,  however,  I  communicated  a  paper  to  the 
Oswestry  Field  Club,  announcing  that  the  sandstone  beds  of  this 
formation  had  been  redeemed  from  this  charge  of  barrenness,  and 
some  years  afterwards,  IVIr.  Prosser  published  an  account,  in  the 
Geologicjll  Magazine,  of  the  fossils  they  had  yielded  to  his 
researches.^  The  principal  fossils  are  enumerated  witli  the  Sweeney 
section,  and  it  will  not  be  necessary  to  recapitulate  them  here,  except 
to  say  that  further  north,  in  "Allinson's  quarry,"  south  of  the 
Oswestry  Eacecourse,  and  in  the  '*  Forest  Quarry,"  north-west  of 
the  same  place,  to  the  fossils  in  the  upper  beds  may  be  added, 
Spirifera  hisxdcata,  Bellerojyhon,  a  small  Strephodes,  Streptorhynchus 
crenistria,  in  several  varieties,  fragments  of  Trilobites,  and  an  abun- 
dance of  an  uncertain  species  of  Athyris,  that  continues  to  bo  plentiful 
northwards  by  Selattyn  Tower. 

In  addition  to  the  ever-present  Productus  semireticulaius,  there  are, 
in  the  top  cherty  beds  of  Allinson's  quarry,  P.  undatus  (var.  eleyans), 
P.  costatuSf  and  P.  Youngianus. 

The  fossils  are  found  in  nests  or  colonies,  in  spots  which  we  may 
suppose,  fix)m  the  unbroken  appearance  of  their  shells,  were  favour- 
able habitats  for  the  fauna  of  the  period. 

The  most  abundant  fossil  is  Productus  semireticulatus,  var.  Martini, 
which  is  to  be  found  by  hundreds  within  a  yard  of  the  topmost  beds 
in  the  Sweeney  section,  and  is  found  also  in  the  red  and  yellow  beds 

1  "  The  Fossiliferous  character  of  the  Millstone  Grit  at  Sweeney,  near  Osweetry, 
Shropdiire,"  by  W.  Proaser,  F.G.S.,  Gbol.  Mao.,  1866,  Vol.  II.,  p.  107. 
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at  its  base,  and  downwards  to  the  base  of  the  Oarboniferons  lime- 
stone, thus  affording  a  good  illustration  of  a  species  surviving  during 
an  immense  period,  amid  widely  diverse  oircumstanoes,  and  changes 
in  the  condition  of  the  sea-bed.  Among  these  shells  at  Sweeney 
are  found  fragments  of  OrthoeercUites  (see  Mr.  Piosser's  paper, 
already  referred  to).  One  tolerably  perfect  S|)ecimen,  measured  6ft. 
long  by  Ifb.  din.  across  its  mouth.  Some  idea  may  be  formed  of  the 
abundance  of  smaller  life  in  the  seas  of  those  days  by  considering 
what  havoc  must  have  been  made  by  a  creature  like  this.  I  call 
attention  to  this  fossil  for  another  reason.  Treflach,  a  place  dose  by, 
is  a  locality  distinguished  for  the  great  size  of  the  Cephalopoda  in 
the  Mountain  Limestone.  Both  NautUt  and  OrihoeercUHes  will,  for 
size,  probably  surpass  those  from  any  other  place  in  England.  So 
that  we  have  a  small  area  which  was  inhabited  by  huge  Gephalopods 
during  a  period  necessary  for  the  deposition  of  strata  350  feet  in 
thickness,  and  we  may  infer,  from  the  continued  size  of  the  in- 
dividuals to  the  close  of  the  deposit  at  this  spot,  that  there  was  no 
lack  of  food  for  the  family  during  the  whole  of  that  time.  There  is 
however  a  marked  absence  of  fossils  from  the  middle  beds.  This 
absence  arises  no  doubt  frt)m  the  fact  that  the  favourite  resorts  ^  of 
the  organisms  have  not  been  touched  by  the  quanyman.  I  have, 
however,  numerous  fossils  found  in  fragments  obtained  from  the 
neighbouring  drift,  which  have  evidently  come  frt)m  these  middle 
beds.  From  one  of  these  have  been  derived  numerous  specimens  of 
Schizodus,  which  appear  here  for  the  first  time,  being  better  known 
in  the  later  Permian  beds.  Mr.  Davidson  informs  me  that  the 
Athyris  I  have  before  mentioned  as  occurring  in  the  uppermost  beds, 
is  different  from  any  of  those  found  in  the  Carboniferous  Limestone, 
and  it  is  possible  tiiat  here  we  may  have  an  example  of  a  species 
which  has  changed  during  a  long  lapse  of  time,  and  has,  in  conse- 
quence, been  enabled  to  outlive  all  its  congeners.  Above  the  eight- 
feet  bed  at  Sweeney  there  are  well  defined  trails  of  worms  of  con- 
siderable size,  and  these  are  associated  with  numerous  fricoidal 
remains.  The  same  grouping  is  seen  in  similar  beds  near  Chork 
Castle,  nine  miles  to  the  north.  Beef-making  corals,  such  as 
Lithostrotion  and  CyathophyUum,  do  not  appear  in  the  Sandstone 
beds,  but  in  the  limestones  of  the  Mold  section,  of  equivalent  age  to 
the  beds  below  the  eight  feet  bed  at  Sweeney,  they  occur  in 
abundance,  illustrating  the  way  in  which  genera,  disappearing  from 
one  locality  through  unfavourable  conditions,  continue  to  survive  in 
others  under  more  favourable  auspices ;  and  suggesting  also  that,.a8 
the  successive  formation  are  dove-tailed,  so  to  speak,  one  into  the 
other,  rather  than  divided  by  sharp  lines  of  separation,  it  is  not  wise 
to  speak  dogmatically  of  the  age  of  certain  epochs  by  fossil  evidence 
alone. 

It  will  be  seen,  from  the  foregoing  remarks,  that  the  fauna  of  the 
Millstone  Grit  bears  a  decidedly  Carboniferous  Limestone  facies, 
but  above  the  middle  beds  numerous  remains  of  Coal  Measure  plants 

^  Or,  more  probably,  the  graye  of  the  Oephaiopoda  ?— Edit. 
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make  ilieir  appeanoioe:  Oalamite  stems,  for  example,  lying  em- 
bedded amidst  shoals  of  Pkroda^liis  9emrttiadatw^  var.  MarHmL 

In  his  "Geology  of  Yorkshire/'  Professor  Phillips  enumerates 
aboat  16  species  of  fossils  obtained  from  the  Millstone  Qrit  of  that 
oovnty,  bat  these  were  deriyed  from  the  limestones,  ironstone- 
nodules,  and  shales.  The  distingnishing  featuro  of  the  Millstone 
Ckit  we  sre  considering,  is,  that  the  fossils  are  obtained  almost 
exclnsiTely  from  its  Sandstones,  occurring  in  a  beautifully  perfect 
state  of  preservation  in  even  coarse  and  pebbly  grits,  for  example, 
in  ibe  Forest  quarry,  at  Cymybwch,  we  find  the  sharp  strin  and 
ridges  of  SireptorhfickuM  cremsiria  uninjured  in  the  coarse  sandstone, 
and  lying  in  close  proximity  to  pebbles.  In  this  respect  the  matrix 
in  which  the  fossils  are  imbedded  differs  from  that  in  which  the 
lossils  described  by  Lieutenant  Austin,  from  the  Bristol  district,  are 
finrnd.  These  are  set  in  a  matrix  of  calcareous  sandstone,  like  that 
we  find  at  the  base  and  in  the  centre  of  the  North  W^es  group. 
Hie  fossils  that  occur  in  the  beds  of  the  North  of  England  are 
interesting;  as  showing  a  similar  fauna  to  that  of  North  Wales, 
extending  similarly  upwards  to  the  Ck)al  Measures ;  and,  as  we 
oannot  suppose  that  the  founa  disi^ppeared  and  reappeared  with  each 
diange  from  calcareous  to  sandy  conditions,  we  must  conclude  that 
there  are  nests  of  fossils  somewhere,  in  the  intervening  sandstones, 
which  have  yet  to  be  found. 

There  is  an  entire  absence  of  seams  of  coal  in  the  Millstone  Grit  of 
North  Wales,  and  in  this  respect  also  it  differs  from  that  of  the  North 
of  England.  The  presence  of  land-plants,  however,  renders  it  possihle 
that,  somewhere  or  other,  there  may  yet  be  found  the  remains  of  an 
early  Carboniferous  flora  in  carbonaceous  shales,  or  thin  seams  of 
ooal.  There  is  a  line  representing  one  of  the  latter  on  the  geological 
map  for  the  Owestry  district,  but  this  is  an  error.  The  ooal  on  its 
course  belongs  to  the  true  Coal  Measures,  and  is  not  iutorstratified 
with  the  Grit,  the  portion  between  Mynyd  M^'fyr  and  Carneddau 
being  a  partially  denuded  outlier  of  the  main  field. 

I  have  throxighout  this  paper  assumed  that  the  rocks  I  have  been 
describing  are  really  Millstone  Grit,  but  I  am  conscious  that  the 
correctness  of  this  assumption  has  been  questioned,  indeed  I  think 
that  I  was  myself  the  first  to  do  so,  for,  in  18G1,  I  wrote,*  **  The 
Toredale  series,  which  in  Yorkshire  presents  an  alternation  of  beds 
of  shale,  limestone,  sandstone,  and  coal,  is  not  represented  in  North 
Wales,  unless  we  regard  the  uppermost  beds  of  limestone  and  shale, 
and  the  lowest  fossiliferous  layers  of  Millstone  Gnt  in  our  neigh- 
bourhood as  occupying  the  same  horizon,  viz.,  lying  between  the 
limestone  proper  and  the  coarse  and  unfossiliferous  Grits.'  Mr. 
Green,  of  the  Geological  Survey,  in  a  contribution  to  the  Gkol.  Mao., 
1867,  Vol.  lY.,  p.  11,  suggested  pretty  much  the  same  division; 
and  Mr.  John  Aitken,  of  Bacup,  who  has  well  studied  the  Grits  of 
his  own  neighbourhood,  thus  wrote  to  me,  after  some  excursions  we 

^    Proceedings  of  the  Owestry  Field  Club. 

*  At  this  date  mj  knowledge  of  the  extent  to  which  the  fossils  extend  upwards  ia 
the  Grit  was  limited. 
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had  made  together  near  Owestry,  "Tonr  so-called  Millitone  Grit 
much  perplexes  me."  It  may  not  be  amiss,  therefore,  in  a  few  oon- 
cluding  remarks,  to  consider  more  fally  this  question. 

The  reasons  urged  for  comprising  the  greater  portion  of  the  Mill- 
Bt6ne  Grit  of  North  Wales  with  the  Yoredale  series  are,  as  I  under- 
stand them,  as  follows : — 1.  The  presence  of  Carboniferous  Limestone 
fossils ;  2,  the*  supposed  greater  resemblance  of  the  Sandstones  to  the 
Toredale  rocks  than  to  the  Millstone  Grit  elsewhere ;  and  8,  die 
intercalation  of  limestones  with  the  sandstone  beds.  With  regard  to 
the  first,  it  will  be  sufficient  to  repeat  what  I  have  already  said,  that 
we  find  the  same  fossils  extending  upwards  through  ihe  MiUstone 
Grit  of  the  north,  only  as  yet  confined  to  the  calcareous  beds  and 
shales ;  and  further  that  we  find  these  same  fossils  within  a  yard  of 
the  Coal  Measures  in  that  uppermost  and  most  persistent  member  of 
the  North  Wales  Grits,  whose  equivalency  with  the  Millstone  GWt 
is  allowed  by  all.  Secondly :  it  must  be  admitted  that  the  sectionfl 
of  the  Yoredale  and  Grrit  beds,  taken  from  the  Northern  and  Midland 
Counties,  show  great  variations  and  gradations  in  the  texture  of  the 
sandstones.  Thus  Professor  Phillips  writes :  ^  '*  Now  of  all  the 
strata  of  the  Yoredale  series,  the  limestones  are  by  far  the  most 
oontinuous  and  permanent :  had  we  attempted  to  construct  the  diagram 
of  corresponding  geological  age,  in  distant  parts  of  Yorkshire,  by  a 
comparison  of  the  sandstones  and  slates,  the  results  would  have  been 
most  imaginary,  and  lines  of  demarcation  in  the  Carboniferous 
series  would  have  been  worse  than  useless."  By  a  comparison  of  the 
sections  given  in  this  paper  with  those  given  by  the  various  authors 
who  have  described  similar  rocks  elsewhere,  it  will,  I  think,  be  seen 
that,  while  the  supposed  Millstone  Grit  of  North  Wsdes  will  compare 
at  various  horizons  for  crystallization  and  pebbly  grits  with  those  of 
the  north,  these  in  their  turn  present  us  with  shales  and  finer  sand- 
stones, similar  to  those  of  the  Welsh  Border. 

Nor,  thirdly,  can  the  presence  of  the  limestone  in  the  middle 
portion  of  these  beds  be  held  as  deciding  the  matter,  because,  in  all 
the  sections  of  the  Millstone  Grit,  given  by  Professor  Phillips,  in  his 
*•  Gkology  of  Yorkshire,"  there  are  bands  of  limestone :  indeed,  there 
was  an  attempt  once  made  I  believe  on  this  account  to  sweep  the  whole 
of  Grits,  etc.,  lying  above  what  was  known  as  the  Hadrow  limestone, 
including  the  Ingleborough  Grits,  into  the  Yoredale  series.  Pro- 
fessor Phillips  having  to  contend,  that  it  would  be  absurd  to  absoib 
a  formation,  whose  distinctive  characteristic  was  sandstone,  into  one 
whose  distinctive  characteristic  was  limestone,  because  of  the 
occurrence  of  a  few  feet  of  the  latter  in  the  midst  of  the  former. 
The  same  remark  holds  good  of  the  North  Wales  sections,  exceptiiu^ 
that  at  Mold,  and  here  I  must  confess  the  analogy  ceases.  Indeed^ 
when  I  first  saw  this  section,  and  saw  the  pale  scmdstones  at  the  to|i 
pass  downwards  through  purply  calcareous  sandstones  into  un- 
doubted limestones,  abounding  in  encrinital  stems,  as  at  all  the  other 
points  of  junction  between  the  two  formations,  I  was  led  to  accept 
Mr.  Green's  suggestion,  in  the  paper  referred  to,  ''that  all  the  lower 

1  *•  Geology  of  Yorkahire,"  roL  ii. 
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beds  have  thinned  away  before  they  reach  Flintshire,"  and  that  I 
bad  reached  the  limestone  proper,  but  as  I  descended  the  section 
passing  yarious  sandstones  interstratified  with  the  limestones,  and 
finally  fouid  the  mass  of  white  and  red  sandstones  at  its  base, 
xesting  upon  what  appears  to  be  the  main  body  of  the  Carboniferous 
limestone,  my  impression  was  altered,  and  the  conclusion  which, 
after  muoh  careful  deliberation,  I  have  arrived  at  is  this ;  that  in  the 
soiithem  half  of  their  course,  the  whole  of  the  beds  between  the 
Carboniferous  Limestone  and  the  Coal  Measures  do,  on  the  North 
Wales  Border,  most  nearly  resemble  the  division  of  rocks  elsewhere 
known  as  the  Millstone  Grit,  but  that  in  their  northern  portion,  from 
the  base  of  the  white  beds  at  the  top  of  the  Mold  section,  they  have 
greater  affinity  with  those  described  as  the  Yoredale  series,  with 
nther  more  of  a  calcareous  element  in  their  composition  than  the 
latter  usually  possess.  I  would  therefore  venture  to  suggest  whether 
the  time  has  not  come  when  the  whole  of  the  beds  lying  between  the 
Great  Scar  Limestone,  and  the  Coal  Measures,  varying  as  they  do  in 
diffarent  localities,  presenting  many  features  in  common,  passing 
rapidly,  as  we  have  seen,  in  what  I  have  called  the  North  Wales 
distrioty  fiom  sandstone  to  limestone,  and  contrariwise,  ought  not  to  be 
united  into  one  great  group,  with  subdivisions  according  to  locality 
and  condition. 


♦ 

L — ^Thk  Great  Bouldeb  Dbifts  of  North  America. 

AN  Article  on  the  "  Kelations  and  Characters  of  Western  Boulder 
Drift,"  by  E.  Andrews,  M.D.,  appeared  in  SilUraan's  American 
Journal  for  September  last,  of  which  the  following  is  a  brief 
abstract : — 

The  original  Boulder-clay  is  beyond  all  question  a  stratified 
water-deposit.  More  than  2,000  miles  of  it  have  been  exposed  by 
waves  along  the  shores  of  the  great  lakes,  and  along  more  than  fifty 
railroads  which  have  cut  the  hills  in  every  direction.  The  meaning 
of  the  facts  cannot  be  mistaken,  and  the  western  geologiBts  most 
familiar  with  the  sections  have  been  obliged  to  abandon  the  glacier 
iheonfy  and  to  admit  the  aqueous  origin  of  the  Boulder-clay  under  a 
sea  floating  vast  quantities  of  ice.  The  original  Boulder-clay  is  not 
only  clearly  stratified  and  cross-stratified,  but  marked  by  a  peculiar 
style  of  undulation,  and  by  the  frequent  occurrence  of  circular  and 
o*^  valleys  without  any  outlet.  The  most  remarkable  facts  are 
those  indicating  the  energy  of  the  water  during  its  deposition.  As 
first  observed  by  Professor  Jewell,  of  Chicago,  in  a  long  tunnel,  it 
contains  two  kinds  of  erratics,  rocks  and  gravel-boulders,  the  latter 
sometimes  three  feet  in  diameter.  The  gravel  must  have  been  dropt 
from  floating  ice  in  frozen  masses,  and  covered  up  before  the  masses 
had  time  to  melt  The  clay  therefore  must  have  been  deposited 
with  "  unaccountable  rapidity." 

Li  Wisconsin,  a  remarkable  valley,  400  miles  long,  runs  mainly 
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from  north-east  to  Bouth-west,  with  a  gentle  slope  on  Uie  north- 
west side  and  a  Teiy  precipitous  slope  on  the  south-east  A  broad 
Silurian  ridge,  which  separates  this  valley  from  Michigan,  is  coTered 
bj  a  thick,  coarse,  stratified,  water-worn  gravel,  which,  at  a  distance 
of  twenty  miles  south-east,  shades  off  into  the  Boalder-daj  of 
Illinois.  The  central  part  of  this  gravel  deposit  rises  np  into  hiUi 
800  feet  above  the  level  of  Lake  Michigan.  The  hills  are  often 
sharp  and  conical,  and  interspersed  with  deep  circular  valleys  with- 
out outlets,  called  the  Potash  Kettles.  The  gravel  runs  south-west 
about  200  miles,  and  is  over  20  milep  in  width.  In  the  northern 
part  it  is  coarse,  with  rounded  stones  up  to  more  than  a  foot  in 
diameter,  and  yet  thrown  up  into  steep,  round,  lofty  hills;  but 
southwards  the  material  becomes  finer,  and  the  hills  lower,  until  they 
shade  off  into  the  Illinois  Prairies.  On  the  north-west  side  of  the 
valley  no  gravel  exists.  The  drift  must  have  come  from  the  north 
in  a  vast  sweep  of  water  deep  enough  to  cover  gravel  hiUs  800  feei 
high,  and  with  a  velocity  sufficient  to  throw  coarse  material  up  into 
steep  hiUs.  The  uninterrupted  sweep  of  the  water  down  the  gradual 
slope  of  the  valley  allowed  no  great  deposits;  but  the  current 
striking  the  opposite  precipice  must  have  been  partly  obstructed  so 
as  to  throw  it  into  extraordinary  and  irregulu:  commotion,  here 
piling  up  lofty  gravel  hills,  and  there  leaving  deep  hollows,  as  it 
swept  across  the  broad  ridge.  The  finer  matter  must  have  been 
carried  south,  so  as  to  settle  as  clay,  and  this  accounts  for  the  masses 
of  frozen  gravel  dropped  by  icebergs  into  the  clay,  and  covered  up 
before  the  masses  melted.  A  similar  gravel-range  flanks  the  south- 
west border  of  the  valley  of  the  Georgian  Bay,  Lake  Huron. 

The  gravel  hills,  and  nearly  all  the  drifts  of  this  r^on,  are  covered 
with  a  thin  stratum  of  orange-coloured  loam,  from  a  few  inches  to 
several  feet  thick,*  which  follows  all  the  undulations,  excepting  valleys 
of  erosion.  It  is  free  from  boulders,  and  must  have  been  deposited 
in  a  quiet  sea  after  the  boulders  ceased  to  arrive. 

Near  the  north  source  of  the  Western  Drift  the  violence  of  the 
aqueous  action  is  evident.  There  is  little^  or  no  drift  on  the  north 
slope  of  the  Laurentian  Hills.  The  whole  country  has  been  scratched 
and  pounded  by  the  drift  action,  but  the  loose  material  has  nearly  all 
been  swept  southwards.  ''Not  even  boulders  could  keep  their 
footing"  in  the  current  The  only  exceptions  to  the  sweeping  action 
are  where  abrupt  declivities  fronted  the  north  so  as  to  oppose  the 
current.  There  the  finer  matter  is  gone,  but  the  boulders  are  piled 
up  in  vast  slopes,  with  their  surfaces  rammed  together  like  a  pave- 
ment. Everywhere  else  there  is  smooth  rock,  only  covered  with  a 
little  vegetable  soil.  Hundreds  of  miles  of  smooth  rock  run  along 
the  northern  slope  of  the  Laurentian  Hills.  Facts  testify  to  the 
drift  action  for  a  thousand  miles  east  and  west  along  the  Laurentian 
Crest,  and  for  an  unknown  distance  north,  having  been  too  violent 
to  admit  of  deposition.  South  of  the  Crest  the  water  was  lees 
violent,  and  deposition  commenced. 

^  I  have  noticed  a  similtr  itratom  of  loam  ooTering  the  drifti  of  Torkahire  and 
tiaewhere. — D.  M. 
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'  J>r.  Andrews  belioTes  th^t  the  waters  suddenly  retired  after  the. 
deposition  of  the  orange  loam,  as,  from  the  uplands  of  Wisconsin  to 
the  Ohio  Hiver,  over  a  descent  of  more  than  1,300  feet,  no  shingle- 
beach  has  been  found.  **  It  is  possible,**  he  continues,  *'  that  this 
sodden  retirement,  and  the  constant  rush  of  waters,  was  the  cause 
of  the  valleys  of  our  streams  being  excavated  to  such  an  enormous 
breadth,  compared  with  the  feeble  brooks  that  now  meander  through 
them.*'— D.  M. 

n. — 'Skw  Bbittsh  Fossil  Bibd. — "  On  the  Cranium  of  a  Oigantio 
Bird  (Dosonus  londinensU,  Owen),  from  the  London  clay  of  Sheppey, 
Kent."  Under  the  above  heading.  Professor  Owen  has  de3oril)ed 
and  figured '  the  cranium  of  a  large  bird,  which  is  intercstiug,  not 
only  on  aooeunt  of  the  rare  occurrence  of  Ornithic  remains  in  the 
British  Lower  Tertiaiy  deposits,  but  also  from  combining  certain 
eharacters  of  form  and  proportion  with  the  large  extinct  birds  of  New 
Zealand,  and  also  with  the  existing  Struthionidce.  Like  them,  the 
Professor  considers  it  to  have  been  terrestrial  in  its  habits.  That 
it  was  of  huge  size  is  evidenced  by  the  cranium,  which  is  as  largo  as 
that  of  the  Dinornis  giganieus,  Owen,  with  which,  and  other  species  of 
Dinomithic  and  Struthiouoid  skidls  it  has  been  elabomtoly  compared. 
Prof.  Owen,  in  referring  to  the  discovery  of  the  largo  limb-bones 
(femur,  tibia,  and  a  portion  of  a  fibula)  of  (lastornis  rariainmsy  Ileb., 
in  the  Plastic  clay  at  Meudon,  near  Paris,  thinks  that  it,  like 
DinamiSy  will  "  prove  to  be  tridactyle  and  terrestrial,"  and  that  it  is 
possible  that  this  portion  of  skull  may  ultimately  be  found  to  belong 
to  the  same  genus  as  the  Parisian  bird.  The  cranium  of  Dasornis 
is  in  the  British  Museum. — The  same  part  of  the  Transactions  eon- 
tains  two  papers  by  Prof.  Owen,  in  continuation  of  his  many  valuable 
contributions  on  the  osteology  of  the  extinct  Binls  of  New  Zealand 
—one  on  the  sternum,  the  other  on  the  cranium,  of  sovenil  speoies  of 
Dinornis — both  papers  being  illustrated  with  several  plates.  — W.D. 


Okologigal  Society  of  London. — January  2Gth,  1870. — Prof. 
Huxley,  LL.D.,  F.E.S.,  President,  in  the  Chair. — Tho  following 
communication  was  read : — *'  On  the  Crag  of  Norfolk  and  associated 
Beds."  By  Joseph  Prestwich,  Esq.,  F.R.S.,  F.G.S.  Tho  author 
commenced  by  referring  to  his  last  paper,  in  which  ho  divided  the 
Bed  Crag  into  two  divisions — a  lower  one,  of  variable  oblique  bedded 
strata,  and  an  upper  one,  of  sands  passing  up  into  tho  clay  known  as 
the  Chillesford  clay.  Li  1849  he  had  alluded  to  tho  possibility  of 
Ais  clay  being  synchronous  with  the  Norwich  Crag.  Ho  has  since 
traced  this  upper  or  Chillesford  division  of  tho  Red  Crag  north  wanls, 
with  a  view  to  determine  its  relation  to  tho  Norwich  Crag.  Ho  has 
found  it  at  various  places  inland,  but  the  best  exhibition  of  it  occurs 
in  the  Easton  Bavant  Cliffs.     He  there  found  in  it  a  group  of  shells 
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■imSar  to  those  at  ChOlesford,  and  under  it  the  well-known  bed  of 
xnammaliferous  or  Norwich  Crag,  with  the  usual  shellB.  The  author 
also  showed  that  in  this  cliff  and  the  one  nearer  Lowestoft  traoes  of 
the  Forest-bed  clearly  set  in  upon  the  Chillesford  day.  He  then 
traced  these  beds  at  the  base  of  Horton  Cliff,  and  then  passed  on  to 
the  well-known  cliffs  of  Happisburgh  and  Mundesley.  He  consi- 
dered the  Chillesford  clay  to  pass  beneath  the  Elephant  bed,  and  to 
represent  some  part  of  the  Forest-bed.  The  same  clay  may  be  traced 
to  near  Weyboume.  The  Crag  under  these  beds  he  referred  to  the 
Chillesford  sands.  Mention  was  then  made  of  the  sands  and  shin^ 
above  the  Chillesford,  to  which  the  author  proposed  the  names  of 
"  Southwold  Sands  and  Shingle."  These  usually  are  Tery  unfossi- 
liferous,  but  at  two  or  three  places  near  Southwold  the  auuior  found 
indications  of  an  abundance  of  shells  {Myiilus,  Ac)  and  Foraminifera 
in  some  iron*  sandstones  intercalated  in  this  series.  In  the  Norfolk 
cliffs  these  beds  contain  alternating  seams  of  marine  and  freshwater 
shells.  The  inland  range  of  the  beds  to  Aldeby,  Norwich,  and 
Coltishall  was  next  traced,  and  the  Chillesford  clay  shown  to  be 
present  in  each  section,  and  the  sands  beneath  to  be  referable  to  the 
Chillesford  sands,  as  already  shown  by  other  Geologists,  on  the 
evidence  of  the  organic  remains.  Mr.  Gwyn  Jeffreys,  who  had  care- 
fully examined  the  shells  of  the  Norwich  Crag  for  tiie  author,  stated 
that  a  considerable  number  of  Arctic  species  were  found  in  the 
Norfolk  Crag  which  did  not  occur  in  Suffolk.  While,  therefore,  the 
Norwich  Crag  seems  to  be  synchronous  with  a  portion  of  the  Suffolk 
Crag,  that  portion  is  the  upper  division;  and  therefore  the  triple 
arrangement,  proposed  by  Mr.  Charlesworth  and  advocated  by  Sir 
C.  Lyell,  together  with  the  fact  of  the  setting  in  of  a  gradually  more 
severe  climate,  pointed  out  by  the  late  Dr.  Woodward  and  by  Sir 
C.  Lyell,  are  confirmed. 

Mr.  Prestwich  then  referred  to  the  origin  of  the  materials  of  the 
Southwold  shingle,  and  showed  that,  with  few  exceptions,  they  came 
from  the  south.  In  it  he  had  found  a  considerable  number  of  worn 
fragments  of  chert  and  ragstone  from  the  Lower  Greensand  of  Kent. 
He  considered  this  a  convenient  base-line  for  the  Quaternary  period, 
as  then  commenced  the  spread  of  the  marine  gravels  over  the  south 
of  England,  and  soon  after  commenced  the  great  denudations  which 
give  the  great  features  to  the  country. 

Discussion. — Mr.  Gwyn  Jeffreys  observed  that  no  littoral  shells  occur  in  the  Corallina 
Crag ;  in  the  Red  Cra^  they  aboand.  In  the  Norwich  Crag  there  is  also  evidence  of 
littoral  conditions,  but  in  certain  places  the  shells  exhibit  a  deep-water  character.  In  the 
Norwich  Cmg,  after  eliminating  as  derivative  or  extraneous  certain  species  (as  had 
already  been  done  by  the  late  Dr.  Woodward),  he  finds,  exclusive  of  varieties,  140 
fpnecies,  of  which  123  are  living,  and  17  are  supposed  to  be  extinct.  Of  these  123, 101 
■till  live  in  the  British  Seas,  12  are  Arctic  andNurth  American,  8  Mediterranean,  and 
2  Asiatic.  The  southern  species  were  probably  derived  from  the  Coralline  Crag. 
The  two  Asiatic  species  were  the  Corbieula  fluminalii  and  Paludina  unicolor,  Twen^ 
species  in  the  Norwich  Crag  have  not  been  found  in  the  Red  or  Coralline  Crag,  and 
he  therefore  thought  there  was  some  difference  in  their  geological  age,  the  Norwich 
Crag  bein^  both  more  recent  thnn  the  Red  Crag,  and  its  shells  of  an  Arctic  or  more 
nortnern  kind.  Tfilina  balthiea  he  regarded  as  significant  of  brackish-water  condi* 
tions.  Aetaon  Nocb^  a  characteristic  shell  of  the  Red  and  Norwich  Crag,  had  beea 
ibnnd  fossil  by  Prof.  Steenstrup  in  Iceland. 
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8b  Chtrlet  Lyell  had  been  strnck  with  the  similarity  of  the  beds  at  ChiUesford  and 
at  Aldeby,  in  which  also  the  shells,  though  40  in  one  case  and  70  in  the  other,  were 
yery  aimflar  in  character ;  but  in  neither  was  TMmm  iaUhiea  found,,  though  common 
ia  the  gladal  beds.  He  called  attention  to  the  condition  of  the  shells  as  they  oocurrsd 
at  Aldeoy,  and  siugested  that  where  the  two  sheUs  of  a  biTal?e  were  found  in  contact, 
they  woud  probMly  afford  some  efidence  whether  they  were  deriyatiTe  or  no. 

Mr.  Searles  Y.  Wood,  Jun^  was  inclined  to  differ  to  a  large  extent  from  the 
mtiior,  especially  with  regard  to  the  beds  abore  the  ChiUesfoid  Clay.  The  sands 
cnBtaining  TMifUi  sotolMMne  placed  as  the  h>west  member  of  the  glucial  series ;  the 
finnn  they  contain  is  different  from  that  of  the  Chillesford  bed.  He  regarded  the 
HBd-beds  at  Kessiugland  as  aboTC  the  lower  Boulder-clay  and  contorts  Drift  di 
C^uBier,  and  considc^  that  it  might  be  traced  as  occupying  this  position  along  a 
great  part  of  Uie  coast  of  Norfolk.  He  had,  in  company  with  Mr.  Harmer,  surreyed 
a  great  part  of  the  Norfolk  and  Suffolk  district,  and  they  intended  to  place  their  m^ 
tad  aeetions  at  the  disposal  of  the  Geological  Society  and  the  Surrey.  He  recom- 
mended that  any  examination  of  the  country  should  commence  from  the  east  rather 
than  from  the  west 

Mr.  Boyd  Dawkins,  speaking  of  the  fossil  mammalia  of  the  Crag,  mentioned  that,  at 
the  base  of  the  Crag-at  HorstcAd,  immediately  on  the  Chalk,  was  a  bed  exhibiting  an 
old  land-snrfiue,  and  in  this  were  found  the  principal  perfect  mammalian  remains, 
whereas  in  the  Cra^  abore  they  were  waterwom.  But  though  these  bones  occurrea 
in  tiie  marine  deposit,  the  animals  had  lived  on  the  land,  and  there  was  no  CTidenct 
hot  that  they  belonged  to  a  much  earlier  period  than  that  at  which  it  was  submerged. 
He  thought  that  the  facies  of  the  Cerride  found  at  Horstead  was  that  of  an  ^liy 
Pliocene  age.  The  mammals  of  the  London  Clay  had  in  some  cases  become-  con- 
fininded  with  those  of  the  Suffolk  Crag,  but  these  he  regarded  also  as  belonging  to  an 
old  Pliocene  land-surface.  He  differ^l  from  the  author  in  not  regarding  the  forest- 
bed  as  Quaternary,  as  the  remains  of  Rhinoceros  etruscuty  Ursus  arverftensiSf  and 
JSUfphms  msridionaliSf  &c.,  had  occurred  in  it  in  many  cases  in  fine  condition.  He 
eonld  see  no  reason  for  splitting  up  the  Cainozoic  series  into  four  divisions,  as  there 
was  no  break  in  the  life  between  the  Tertiary  and  Quaternary  periods.  Though 
there  might  be  a  break  in  England,  the  forms  of  Ufe  were  continuous  from  the  Miocene 
af  Pikermi  on  the  Continent. 

The  President  suggested  that  if  we  were  to  admit  a  Quaternary  period,  we  must  go 
hack  to  the  Miocene,  as  the  mammalian  fauna  of  that  period  was  the  direct  ancestor 
of  that  of  the  present  day. 

Mr.  Prestwich,  in  reply,  remarked  that  he  did  not  quite  agree  with  Mr.  Jeffreys  a< 
to  the  number  of  derivative  species  in  the  different  members  of  the  Crag.  The  fauna, 
however,  required  further  investigation.  With  regard  to  the  objections  of  Mr.  Wood, 
he  had  not  on  this  occasion  intended  going  into  details  as  to  the  beds  above  the  Chil- 
lesford days ;  his  object  had  rather  been  to  show  that  these  latter  extended  over  a 
large  are%  and  contained,  in  other  places  than  Chillesford,  the  same  shells  as  those 
oecnrring  there.  He  did  not  attach  tlie  same  value  to  the  presence  of  Tellina  balthiM 
as  did  Mr.  Wood,  it  being  a  shell  now  living,  and  found  on  the  coast.  He  had  not 
overlooked  the  importance  of  the  mammalian  remains,  but,  like  M  r.  Dawkins,  he  had 
felt  the  uncertainty  which,  in  the  case  of  the  Cra^^,  so  often  attached  to  their  origin, 
iod  therefore  had  not  much  insisted  on  them.  He  thought  the  divisions  of  M  iocene 
and  Pliocene  were  well  knovni  and  generally  accepted,  and  though  the  division  was 
arbitrary,  he  thought  the  setting  in  of  the  Glacial  period  a  good  epoch  at  which  to 
commence  the  Quaternary  period.  If  we  were  to  go  back  to  some  break  in.  the  forms 
of  life,  we  m^t  go  back  indefinitively. 


n.  February  9th,  1870.— 1.  "Oti  the  Fossil  Corals  (Madre- 
poraria)  of  the  Australian  Tertiary  Deposits."  By  P.  Martin  Dim- 
oan,  M.B.  Lond.,  F.R.S.,  Sec.  Geol.  Soc,  Professor  of  (Jeology  in 
King's  College,  London. 

The  author  noticed  the  history  of  our  knowledge  of  the  South 
AuatraUan  Tertiary  Deposits,  and  indicated  the  general  distribution 
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of  the  fossiliferons  beds  from  which  the  corals  fonning  the  sabjeot 
of  his  communication  were  derived.  These  were  said  to  be  con- 
fined to  the  region  west  of  Cape  Howe,  prevailing  eq>eciall7  in  the 
grovinoe  of  Victoria,  where  they  had  been  admirably  surveyed  by 
[r.  Selwyn  and  the  officers  under  him,  and  to  consist  diiefly  ot 
limestones  covered,  and  in  some  cases  underlain,  by  great  outflows  of 
basalt  The  author  then  gave  a  list  and  descriptions  of  the  species 
(81  in  number)  of  fossil  Madreporaria  obtained  from  these  South- 
Australian  Tertiary  beds,  followed  by  remarks  on  the  characters  snd 
relations  of  the  more  remarkable  forms,  and  on  the  localities  where 
they  have  occurred.  From  his  examination  of  these  fossils,  he  ob- 
jected to  the  application  of  the  divisions  adopted  in  Enropeaa  geo- 
logy to  the  deposits  in  which  they  are  found.  He  then  compared  the 
assemblage  of  corals  obtained  from  the  South- Australian  TertiarieB 
with  those  found  in  various  deposits  elsewhere,  or  living  in  ihe 
existing  seas.  The  species  were  stated  not  to  belong  to  reef-building 
forms,  but  to  such  as  now  occupy  the  sea-bottom  from  low  spring- 
tide mark  to  the  depth  where  Polyzoa  abound.  Of  these,  20  genera 
were  said  to  be  now  represented  in  the  Australian  seas ;  but  only 
three  of  them  to  have  species  in  the  Tertiaries,  viz.  the  cosmopolite 
Trochoeyathus,  FlabeUwn,  and  AmphiheUa,  The  fossil  speciea  of 
these  were  stated  to  be  quite  distinct  from  those  now  living  in  the 
neighbouring  sea.  Two  species,  viz.  Fl^ibeUum  Condeanum  and  i^ 
ddstinetumy  are  living  in  the  Chinese,  Japanese,  and  Bed  Seas;  the 
author's  Plecotrochus  elongatus  is  very  nearly  allied  to  the  Chinese 
P.  Condeanua;  and  a  Deltocyathus  is  regarded  by  the  author  as  only 
a  varietal  form  of  a  living  West  Indian  and  European  Miocene 
species  (D.  italicus).  Throe  species  are  common  to  the  Australian 
and  European  Cainozoic  deposits.  Several  of  the  species  were  said  to 
present  curious  anomalies  of  structure,  such  as  so  frequently  appear 
in  Australian  forms,  and  those  of  the  different  beds  to  exhibit  so  close 
a  general  resemblance,  that  they  offer  no  evidence  of  great  changes 
having  taken  place  during  the  deposition  of  the  whole  series  of  sedi- 
ments. The  evidence  afforded  by  the  fossil  corals  led  the  author  to 
conclude  that,  at  the  time  of  the  formation  of  these  deposits,  the  cen- 
tral area  of  Australia  was  occupied  by  sea,  having  open  water  to  the 
north  with  reefs  in  the  region  of  Java,  and  with  openings  into  the 
Mediterranean  and  Sahara  to  the  north-west ;  that  Continental  India 
did  not  form  part  of  a  great  continent ;  that  the  greater  part  of  America 
was  submerged,  and  the  Caribbean  sea  a  coral-area ;  that  the  bulk  of 
the  land  was  situated  in  the  north  and  south ;  and  that  the  upheaval 
of  Australia  and  New  Zealand  was  approximately  synchronous  with 
that  of  the  great  mountain-chains  of  the  Old  World,  with  the  closure 
of  the  Panama  area  and  the  depression  of  the  areas  on  either  side  of 
the  American  continent. 

DiBOussioif . — The  President  inquired  whether  the  ahsence  of  reef-oorals  might  aol 
be  indicatiye  of  the  climate  of  South  Australia  having  been  much  the  same  as  at 
present  in  Tertiirj  times,  as  these  forms  required  a  temperature  of  about  GS**. 

Professor  Ramsaj  expressed  his  satisfaction  at  the  manner  in  which  Mr.  Selwyn's 
%ork  on  the  Australian  Geological  Surrey  had  been  appreciate  by  the  authoir. 
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Mr.  Jonkiiii,  who  bad  been  voridng  on  the  bmi  moUnwaof  Avftzalia,bjid  aziiTed 
at  the  eoBdarion  that  at  the  time  of  the  depodt  of  the  beds  mentioned  by  Dr.  Dnnean, 
the  diniate  had  been  warmer  than  at  present.  The  shdla  presented  the  nme  atraage 
•■d  ahoonnal  featares  aa  the  eonU,  m  differing  firom  otner  older  and  weQ-known 
^eeiea  sMrdy  in  some  minute  detaO.  These  was  no  point  of  eontaet  between  the 
▲nsfcnlian  and  Eoropean  &anas  to  afford  a  criterion  of  relatiTe  age,  though  there 
were  aome  points  of  similaritT  to  be  found  in  the  Mediterranean  area. 

Mr.  Owfn  JeSnjt  stated  as  an  instance  of  the  singularities  of  the  Australian 
tens,  that  JUk^meMtmtUm  ftitlmetm^  esKuH^y  an  arctic  qpecies,  had  occurred  in  the 
tortiariea  of  Sjpain,  in  our  Glacial  deposits,  and  the  Norwich  Crag,  and  is  now  found 
fiviag  in  Ausbalia. 

Br.  Duncan  diortlj  replied  to  the  rarious  speakers,  and  was  disindined  to  limit  the 
deemcDce  of  any  forms  of  coral  to  particular  temperaturea. 

2.  ''Note  on  a  new  and  nndescnbed  Wealden  Vertebra."  By  J. 
W.  Hnlke,  F.B.S.,  F.G.S. 

Hie  aallior  in  this  note  describes  a  very  large  Wealden  vertebra 
wbidi  he  obtained  last  antomn  at  Brook,  Isle  of  Wight,  remarkable  for 
its  great  size,  its  extremely  light  stmcture,  and  the  extraordinary  de- 
velopment of  the  processes  coimected  with  the  neural  arch.  It  con- 
aiats  of  a  thin  outer  sheD,  enclosing  a  very  open  cancellated  tissue, 
having  extremely  krge  spaces,  comparable  widi  those  of  Pterosauria, 
and  surpassing  those  of  the  cancellous  tissue  in  any  of  the  known 
larger  Dinosaurs.  A  wedge  and  notch,  similar  in  principle  to  the 
ophidian  zygosphene  and  zygantrum,  but  di£Eerently  placed,  are 
superadded  to  &e  ordinary  articular  processes.  A  broad  horizontal 
platform  stretches  along  the  side  of  the  arch  from  the  transverse  pro- 
cess to  the  postzygapophysis.  The  neural  spine  is  composite ;  all 
the  outstanding  parts  are  supported  and  strengthened  by  thin  bony 
plates.  Only  a  small  part  of  the  centrum  is  preserved,  so  that  the 
form  of  this,  and  in  particular  of  its  articular  faces,  is  not  deter- 
minable. The  author  notices,  in  conclusion,  certain  textural  re- 
semblances between  the  vertebra  and  a  peculiar  Streptospondylian 
vertebra  in  the  British  Museum,  from  the  Weald  of  the  south-east  of 

Diaccssiow.--  The  Flresident  remarked  on  the  combination  of  strength  and  light- 
■eas  in  the  bone,  which  in  this  respect  was  not  unlike  that  of  the  Tertebrs  of  the 
neck  of  the  ostrich. 

3.  "  Note  on  the  Middle  Lias  in  the  North-east  of  Ireland."  By 
Balph  Tate,  Esq..  A.L.S.,  F.G.S. 

^Hie  author  remarked  that  hitherto  no  higher  member  of  the 
Jurassic  series  than  the  Lower  Lias  has  been  detected  in  Ireland. 
He  stated  that  he  had  received  from  near  Ballintoy  some  blocks  of 
a  grey,  marly,  micaceous  sandstone,  containing  an  assemblage  of 
fossil  forms,  indicating  that  the  rock  from  which  they  were  derived 
belonged  to  the  lowest  part  of  the  Middle  Lias.  The  origin  of  these 
specimens,  which  were  obtained  "  from  cultivated  fields  and  patches 
of  drift,'*  was  said  to  be  still  unknown  :  and  the  occurrence  of  ^ip- 
popodiwm  panderoium,  associated  with  Middle-Lias  species,  as  in  the 
island  of  Skye,  coupled  with  the  agreement  in  lithological  composi- 
tion between  the  Irish  blocks  and  the  Pabba  shales,  led  him  to 
Boggett  the  possibility  that  the  former  may  have  been  transported 
from  the  Hebrides  by  glacial  action. 
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Edikbuboh  Gkolooioal  SooncTT. — At  iiie  seoond  ordiimy  meoi- 
ing  of  the  Society  for  the  present  Session^  held  on  2nd  Deoomber, 
1869,  A.  Geikie,  Esq«,  RR.8.,  eta,  President,  in  the  chair,  the  first 
paper  was  "On  the  Succession  of  the  Laorentian,  Cambrian,  and 
Lower  Silurian  Hocks  on  the  Shores  of  Loch  Broom, "  by  Sir 
Boderick  I.  Murchison,  Bart,  E.O.B.,  etc.,  being  a  letter  addressed 
to  the  President.    .    .    .    .    "  The  few  additions  which  I  made  last 
summer  to  my  acquaintance  vrith  the  Highland  rooks  were  in  tiie 
west  of  Hossshire,  and  particularly  on  the  shores  of  Loch  Broom,  a 
district  which  I  rapidly  traversed  with  Professor  Sedgwick  in  1828, 
and  to  a  part  of  this  very  Ullapool  you  extended  the  researches  we 
were  making  together  in  1860.    What  I  have  to  state  is  the  result 
of  a  visit  to  my  friend,  Mr.  John  Fowler,  the  eminent  engineer,  and 
proprietor  of  a  large  extent  of  Highland  country  at  die  western  end 
of  Loch  Broom,  who  has  erected  a  noble  mansion  called  Braemore, 
which,  being  nearly  700  feet  above  the  sea,  commands  An  extensive 
view  over  Loch  Broom  up  to  the  mountain  of  Ben  More.     Possess- 
ing a  small  steam-yacht,  he  enabled  me  to  make  excursions  to  points 
which  I  had  before  only  seen  very  imperfectly.    In  this  tract — 1.«., 
from  the  numerous  low  Summer  Isles  which  crowd  the  outermost  or 
western  portion  of  the  sound — the  Priest  and  others  of  them  are 
composed  chiefly  of  the  Fundamental  Oneiss,   whidh  in  1859  I 
paralleled  with  the  Laurentian  rocks  of  North  America.    Also,  on 
one  of  the  promontories  of  the  southern  mainland,  called  CaiUeach, 
this  Laurentian  gneiss  is  seen  to  throw  off,  on  its  broken  edges, 
patches  of  the  coarse  reddish  brown  grit  and  conglomerate  which 
constitute  the  souf hem  shore  of  Locb  Broom ;  the  Cambrian  grits 
being  thrown  off  at  various  steep  angles.     On  the  northern  side  of 
the  loch,  however,  the  same  Cambrian  rocks  constitute  the  whole  of 
the  lofky  mountain  of  Ben  More,  the  strata  of  which  are  clearly 
seen  from  the  water  to  constitute  a  succession  of  terraces  veiy 
slightly  inclined  to  the  east,  and  thus  exhibiting  a  thickness  of 
several  thousand  feet     Some  of  the  lowest  portions  t)f  tiiese  Cam- 
brian rocks  consist  of  hard  schists.     As  a  whole  these  rocks  are 
precisely  similar  to  those  of  the  same  age  which  I  had  formerly 
described  in   Sutherland.      Their  lithological  characters  are   also 
similar.    Thus,  the  Laurentian  gneiss  at  the  point  of  Cailleach  is  like 
that  of  Loch  Inver,  essentially  a  homblendic,  rough,  thick-bedded 
gneiss  of  highly  ciyskalline  aspect,  and  more  or  less  dull  greenish 
colour,  occasionally  quite  finely  laminated,  and  showing,   by  the 
arrangement  of  the  quartz  and  felspar  within  it,  a  bedded  character, 
with  small  crystals  of  garnets  occasionally  disseminated.    At  this 
locality  it  only  differs  from  the  bottom  rocks  of  Sutherland  and  the 
Lewis  in  being  less  granitic,  and  with  fewer  interpolations  of  pure 
ffranite.      The  Cambrian   rocks  which  overlie  transversely  that 
Laurentian  gneiss  are  essentially,  as  in  Western  Sutherland,  coarse 
grits,  in  parts  conglomeratic,  and  made  up  of  the  materials  of  the 
older  gneiss — i.e.,  of  quartz,  hornblende,  and  felspar — but,  like  the 
parent  rock  from  which  they  have  been  derived,  they  contain  little 
or  no  mica.    These  sandstones  and  grits,  for  the  most  part  of  a 
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choeohte  ivddiah  brown  oolour,  are  those  which  were  formerly 
identified  with  the  Old  Bed  Sandstone,  from  which,  as  I  have  shown 
ebewhere  by  transverse  sections  and  descriptions,  they  are  separated 
liy  the  whole  series  of  Lower  Silarian  ro<^  in  a  crystalline  form* 
^Aa  lowest  members  of  these  Lower  Silurian  rocks  are  white  and 
grej  qnartx  rocks,  regularly  stratified,  with  intercalated  bands  of 
milestone.  This  lower  portion  of  the  Silarian  series  overlaps  quite 
nnoonformably  the  Cambrian  rocks  on  both  sides  of  Loch  Broom, 
and  their  relations  are  all  well  and  clearly  seen  near  Ullapool,  where 
the  overiying  qnartzites  assume  a  much  higher  inclination  than  the 
nndstones  on  which  they  rest.  ...  In  ascending  Loch  Broom  to  its 
western  extremity  on  the  mouth  of  the  river  Broom,  nothing  can  be 
clearer  than  the  underlie  of  all  the  rocks  hitherto  mentioned  to  the 
npper  gneiss  of  the  r^on  in  which  are  situated  the  glen  of  the  river 
Broom,  with  the  mountains  on  either  side  of  it.  There  is,  however, 
one  intermediate  spot  above  Ullapool,  where  the  loch  narrows,  and 
where  the  promontories  on  either  side  (one  of  which  is  called  Loggie) 
consist  of  diversified  rocks,  apparently  the  result  of  separate  intrusion 
and  metamorphism.  In  these  I  met  with  dark  diorites  passing  into 
■eipentinous  rocks,  light,  green,  granular,  felspathio  lumps,  ana  here 
and  there  compact  felspar  rocks,  of  pinkish  hue.  Those  convulsed 
and  broken  spots,  where  the  hard  rocks  have  resisted  denudation,  and 
oonseqaently  form  the  narrows  of  the  loch,  require  to  be  more 
thoroughly  examined.  This,  however,  is  certain,  that  these  peculiar 
rocks  are  perfectly  distinct  from  ail  the  older  rocks  hitherto  men* 
tioned,  and  are  entirely  unlike  any  portion  of  the  upper  gneiss,  with 
which  my  little  sketch  terminates.  This  Upper  or  Lower  Silurian 
gneiss  is  at  onoe  distinguished  from  the  fundamental  or  Laurentian 
and  non-micaceous  gneiss  by  its  flaglike  character,  and  by  its  con- 
taining such  an  abundance  of  mica  as  to  be  in  parts  almost  a  mica- 
iBchist.  It  is,  however,  the  grey  quartzose  variety  of  the  gneiss  of 
Macculloch,  and  is  distinctly  seen  to  overlie  all  the  previously- 
described  rocks,  no  one  of  which  does  it  in  any  way  resemble.  It 
has  been  usefully  turned  to  building  purposes  by  Mr.  Fowler,  who 
has  erected  out  of  it  the  mansion  of  Braemore.  It  is  regularly 
bedded,  and,  dipping  to  the  E.S.E.  at  small  angles,  ranges  into  lofty 
mountains,  which  extend  to  Glen  Fannich  in  the  west  and  to  Ben 
Derrig  in  the  south.  It  is  occasionally  traversed  by  small  granite 
and  white  quartz  veins,  and  in  such  cases  is  often  charged  with 
crystals  of  iron  pyrites.  In  its  extension  to  the  S.E.  the  rock  is  tra- 
versed also  by  large  bosses  of  red  granite,  and  tlien  rolls  over  in 
undulations  from  the  valley  of  the  Black  water,  until  it  occupies  the 
greater  part  of  Ben  Wyvis,  the  loftiest  mountain  in  Ross-shire. 
Their  order  of  superposition  and  the  unconformity  of  these  Lower 
Silurian  rocks,  whetiier  quartz  rocks  and  limestone  or  the  upper 
gneiss,  are  perfectly  clear  and  unmistakable ;  and  when  we  couple 
these  facts  with  the  striking  diversity  of  mineral  character  between  the 
lower  or  Laurentian  and  this  upper  flaggy  micaceous  quartzose  gneiss, 
and  see  that  they  are  separated  by  mountain  masses  of  Cambrian 
sandstone,  the  only  wonder  is  that  it  was  left  to  me  in  my  old  days 
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to  indicate  this  order.  It  was,  therefore,  a  great  pleasure  during  the 
last  summer  to  see  the  phenomenon  so  well  sustained  by  a  fresh 
appeal  to  the  sucoessive  rook  formations  on  the  north  and  south 
flanks  of  Loch  Broom." 

Mr.  Archibald  G^ikie,  F.RS.,  communicated  the  second  paper, 
entitled  "  Notes  for  a  comparison  of  the  Volcanic  Geology  of  Central 
Scotland  with  that  of  Auvergne  and  the  Eifel."  The  author  began 
by  alluding  to  the  labours  of  Boue,  Forbes,  Scrope,  Daubeny,  and 
others.  He  then  sketched  the  area  occupied  by  tqAb  of  Yolcanio 
origin  between  the  Grampians  and  the  Silurian  uplands  of  the 
southern  counties.  The  rocks  which  he  proposed  to  make  the  sub- 
ject of  more  special  remark  in  this  paper  were  of  Carboniferous  age. 
They  were  capable,  he  said,  of  being  broadly  treated  under  two 
groups  :  Ist,  Plateaux  ;  and  2nd,  Points  of  local  eruption. 

1.  Plateaux  of  Carboniferous  volcanic  rocks  are  extensively  de- 
veloped in  the  western  part  of  the  midland  valley.  They  form 
the  range  of  the  Campsie  and  Eilpatrick  Fells,  and,  crossing  the 
Clyde  into  Renfrewshire,  sweep  for  many  miles  through  the  north 
and  north-east  of  Ayrshire.  They  occur  likewise  as  fragments  on 
the  Clyde  islands,  Arran,  Bute,  and  Cumbrae.  Extensive  as  the 
present  area  of  these  rocks  Ib,  there  can  be  no  doubt  that  it  once 
covered  a  much  greater  surface,  and  that  one  great  plateau  of  lavas 
and  tuffs  stretched  from  the  Ochil  Hills  to  Uie  south  of  Cantyre. 
Throughout  the  wide  district  where  the  rocks  still  remain,  Uiey 
retain  a  remarkable  horizontality.  They  consist  of  various  porphy- 
rites,  melaphyres,  and  tuffs  arranged  in  beds,  which  are  placed  over 
each  other  with  great  r^ularity.  Hence  the  hillsides  wear  a  ter- 
raced appearance  from  the  alternation  of  harder  and  softer  beds. 
This  feature  characterizes  the  Campsie  Fells  and  the  hills  south-west- 
ward to  Ardrossan,  but  is  most  conspicuously  displayed  in  some  of 
the  valleys  at  the  south  end  of  Bute.  One  of  the  distinguishing 
features  of  these  plateaux  is  the  comparative  infrequency  with  which 
any  vent  or  true  point  of  eruption  can  now  be  detected.  Occasionally 
such  a  vent  is  found  as  a  boss  of  coarse  volcanic  agglomerate,  or  of 
porphyrite  or  melaphyre ;  but,  as  a  rule,  all  the  foci  of  eruption  are 
now  buried  under  the  materials  which  they  emitted.  Another 
feature  which  runs  through  the  plateaux  is  the  apparent  continuity 
of  the  several  beds.  Yiewed  from  a  little  distance,  the  terraces  of 
trap  seem  each  perfectly  continuous  for  long  distances.  A  closer 
examination  often  shows  that,  though  the  terrace  may  run  on,  the 
rock  of  which  it  consists  is  formed  of  different  sheets,  which,  though 
lying  on  the  same  plane,  have  proceeded  from  different  vents.  Mr. 
Geikie  then  pointea  out  the  structure  of  some  of  the  volcanic  plateaux 
t>f  central  France  as  illustrative  of  those  features  of  the  Scottish 
plateaux  to  which  he  had  referred. 

2.  While  the  western  half  of  the  Scottish  Carboniferous  area  is 
characterized  by  the  wide  extent  of  its  volcanic  plateaux,  the  eastern 
half  is  as  strikingly  distinguished  by  the  abundance  of  its  points  of 
local  eruption.  Traces  of  these  independent  but  closely  segregated 
vents  are  scattered  over  almost  the  whole  extent  of  Fife  and  the 
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Lothians.  They  belong,  as  a  whole,  to  the  lower  division  of  the 
Carboniferous  formation.  The  evidence  by  which  their  position  can 
now  be  ascertained  consists  of  masses  of  stratified  tuff,  frequently 
associated  with  contemporaneous  outflows  of  melaphyre.  The 
number  of  the  vents  in  some  parts  of  the  country  must  have  been 
▼eiy  great.  Dnring  the  deposition  of  the  Lower  Carboniferous  rocks 
the  area  of  Linlithgowshire  and  great  part  of  Fife  and  East  Lothian 
was  dotted  over  with  little  volcanoes,  each  throwing  up  its  cone  of 
ash,  or  here  and  there  emitting  a  short  cuirent  of  lava.  Li  some 
places  the  vents  were  so  closely  placed  together  that  their  ejections 
formed  in  the  end  one  long  volcanic  bank,  such  as  the  Garlton  Hills, 
and  the  range  of  heights  between  Bathgate  and  Linlithgow.  The 
vents  wore  singularly  local  in  their  development.  Thus,  while  they 
oontinned  in  activity  throughout  Linlithgowshire  and  Fife,  as  well 
as  in  Haddingtonshire,  the  interveniug  area  of  Edinburghshire  re- 
mained almost  without  them.  Their  long  continuance  in  the  districts 
where  they  had  once  broken  out  is  remarkable.  Duriug  the  time 
represented  by  the  deposition  of  many  hundred  feet  of  strata,  the 
area  of  Linlithgowshire  continued  to  be  the  theatre  of  a  wonderful 
volcanic  activity,  new  cones  breaking  out  as  the  old  ones  were 
washed  down.  Yet  the  coimty  of  Edinburgh,  only  a  few  miles  to 
the  east,  remained  during  that  long  period  almost  wholly  unaffected 
by  any  volcanic  action.  Eeference  was  then  made  at  some  length 
to  the  extinct  volcanoes  in  Auvergne  and  the  Eifel,  and  it  was  shown 
that  in  their  form  and  distribution,  their  small  size,  the  nature  of 
their  products,  and  the  protracted  period  during  which  they  had 
been  in  activity,  they  enable  us  to  realize  vividly  what  was  the  con- 
dition of  a  great  part  of  central  Scotland  during  the  earlier  ages  of 
the  Carboniferous  period. 

The  concluding  portion  of  the  paper  dwelt  upon  the  denudation  of 
the  volcanic  rocks  of  Auvergne  and  of  Scotland.  Mr.  Scrope  had 
shown  conclusively  that  the  wide  and  deep  valleys  of  the  Loire,  the 
Dordogne,  and  other  streams  of  central  France  had  been  carved  out 
of  volcanic  rocks  and  fresh- water  strata  by  subaerial  erosion  alone. 
The  form  and  structure  of  these  valleys  were  compared  with  those  of 
valleys  which  have  been  excavated  out  of  volcanic  rocks  in  Scotland, 
and  it  was  argued  that  the  similarity  of  result  was  in  all  probability 
due  to  a  similarity  of  cause.  In  the  Scottish  valleys  the  influence  of 
ice,  and  perhaps  in  some  cases  also  of  the  sea,  had  come  into  play  to 
augment  or  modify  that  of  the  subaerial  forces.  Yet  there  was  every 
reason  to  believe  that  in  Scotland,  as  in  France,  the  main  share  of 
the  work  had  been  done  by  rains,  frosts,  and  streams. 

Geological  Sooikty  of  Glasgow.— I.  The  ordinary  meeting  of 
this  society  was  held  in  Anderson's  University,  on  the  11th  November, 
1869,  Professor  John  Young,  President,  in  the  chair. — Mr.  John 
Young  exhibited  and  made  some  observations  upon  a  number  of 
bones  found  near  Crofthead,  in  the  new  railway  cutting  of  the  Croft- 
head  and  Kilmarnock  Extension  Line.  Mr.  Young  stated  that  Dr. 
Young  and  himself  had  examined  the  bones,  and  found  that  ten  of 
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them  belonged  to  the  horse,  about  one-third  smaller  than  the  aversge 
size,  but  probably  of  the  oommon  species — Eqwu  eabaXLuM,  Two 
others  were  portions  of  the  horns  of  the  extinct  ''  Irish  deer " 
— MegaeeroB  Htbemicus.  These  remains  were  fomid  in  the  upper 
portion  of  a  thick  bed  of  laminated  clay,  which  at  this  part  of 
the  valley  is  mixed  up  with  so  much  vegetable  matter  that  it  presents 
quite  a  peaty  character.  They  lay  on  the  same  horizon,  and  near  to 
me  spot  where  the  skull  of  the  Bo$  prtmtgenius  was  found  some  time 
ago.  The  depth  at  which  they  occurred  below  the  old  surfiM)e  of  the 
valley  is  nearly  20  ft.,  but  recent  cuttings  seem  to  show  that  part  of 
the  overlving  bed  is  the  result  of  slips  of  earth  and  Boolder-olay 
from  the  hill-side,  over  deposits  formed  in  the  bottom  of  an  old  lake.^ 
This  appears  to  be  the  second  instance  in  which  the  "  Irish  deer**  has 
been  found  in  Scotland.  Mr.  Young  also  stated  that  this  seems  to 
be  the  first  recorded  instance  in  which  the  remains  of  the  horse  have 
been  foimd  associated  with  the  large  extinct  mammals  that  roamed 
in  the  valleys  of  Scotland  in  Post-Pliocene  times. — Mr.  Bobert 
Craig  then  read  a  paper  on  ''  Sections  of  Boulder-clay  in  the  North 
of  Ayrshire,  and  at  the  railway  cutting  in  Cowdonglen,  near  Croft- 
head,  Neilston." 

n.  Ordinary  meeting,  2nd  December,  1869,  Mr.  John  Young, 
Vice-President,  in  the  chair. — Mr.  J.  Wallace  Young  read  a  paper 
"  On  the  Application  of  the  Microscope  to  the  Examination  of  Book- 
Structure  and  Composition."  The  author  advocated  the  microscopical 
examination  of  rocks.  By  this  method  €^logists  would  be  enabled 
to  distinguish  rocks  of  igneous  from  those  of  sedimentary  origin.  A 
number  of  sections  of  rooks  were  exhibited  by  Mr.  J.  W.  Young,  in 
illustration  of  his  paper. 

The  following  three  papers  were  then  read  by  Mr.  James  Thomson, 
P.G.8. :— (1)  "  On  the  Teeth  of  PleuroduaJ*  Mr.  Thomson  ex- 
hibited  a  slab  of  the  Airdrie  blackband  ironstone,  one  of  the  sur- 
faces of  which,  covered  with  shagreen,  contained  upwards  of  sixty- 
five  teeth,  belonging  to  what  have  hitherto  been  regarded  as  thi^ 
distinct  species  of  Carboniferous  fishes,  viz.,  Pleurodua  BankinU, 
P.  affinisy  and  a  Helodus ;  but  from  sections  prepared,  which  were 
shown  under  the  microscope,  and  from  investigations  which  he  had 
made  regarding  the  teeth  and  dermal  structure  of  some  of  the  living 
rays  to  which  they  are  allied,  he  was  of  opinion  that  the  three 
varieties  of  teeth  on  the  slab  all  belonged  to  one  species  only. 
(2)  "  Note  on  the  Discovery  of  Plants  in  &e  Schists  of  Argyllshire." 
Mr.  Thomson  exhibited  specimens  of  two  different  plants  which  he 
had  discovered  in  a  dark-grey  arenaceous  shale  near  Campbeltown. 
One,  marked  with  longitudinal  parallel  lines,  resembles  SigiUaria; 
the  other  Calamitea  of  the  Coal-measures.  Mr.  Thomson  said  he 
believed  these  plants  to  be  the  first  traces  of  organic  remains  yet 
recorded  from  the  schistose  rocks  of  the  British  Islands,  hitherto 
deemed  unfossiliferous.  (3)  '*  On  the  Teeth  and  Dermal  Structures 
found  associated  with  Cienaeanthus" 

>  See  Mr.  James  Geikie's  paper  in  the  Osot.  Ma6.  for  J'ebruary  last,  p.  6A. 
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in.  Oidinaiy  meeting,  13th  January,  1870,  Mr.  Jolin  Yotmg^ 
Yioe-President,  in  the  chair. — Mr.  James  Thomson  read  a  paper 
**  On  Farther  Evidenoes  of  the  Existence  of  Plant-remains  in  the 
Sddfltoae  Bocks  of  the  West  Highlands."  Mr.  Thomson  referred  to 
tbe  paper  which  he  had  read  at  the  previous  meeting,  in  which  he 
had  mentioned  the  prohability  of  the  occurrence  of  plant-remains  in 
other  parts  of  the  West  Highlands.  This  he  had  now  been  able  to 
oonfirm  by  having  found  fragments  of  wood  in  a  conglomerate,  com* 
posed  of  talcose  schist,  with  rounded  pebbles  of  quartz,  in  Glenooe, 
where  it  occurs  intercalated  between  beds  of  schist,  whidi  overlie  the 
gnmite  of  the  district.  Mr.  Thomson  also  read  a  paper  "  On  the 
vitrified  Forts  of  Dunskaig  and  Oarradale  in  Eintyre."  He  described 
the  Ibrm  of  these  forts,  and  drew  attention  to  fragments  of  charred 
wood  which  he  had  found  imbedded  between  the  angular  pieces  of 
the  schistose  rocks  of  which  they  are  built  The  walls  of  each  of 
them  are  about  6  ft  thick,  and  on  examination  he  had  found  that 
they  were  only  vitrified  half  through.  It  was  evident,  therefore, 
that  the  forts  had  been  vitrified  by  means  of  the  wood  found  im« 
bedded  among  the  stones,  and  that  it  had  also  been  applied  along 
the  inner  boundary  only. 

Mr.  D.  Corse  Olen  read  a  paper  "  On  the  Zeolites  which  occur  in 
the  Trap  Hocks  in  the  neighbourhood  of  Glasgow,"  illustrated  by  a 
large  collection  of  these  interesting  minerals  from  his  own  cabinet 

rV.  This  Society  met  in  Anderson's  University,  on  the  27th  of 
January,  1870. — Mr.  John  Young,  Vice-President  in  the  chair. — 
Mr.  Wm.  Cameron  read  a  paper  on  the  "  Sutherland  Gk>ld-field8."  * 
He  referred  to  a  paper  which  he  had  re^  before  the  Society  in  1866, 
upon  the  auriferous  rocks  and  drifts  of  Victoria,  in  which  he  had 
stated  that  it  was  possible  that  there  might  yet  be  found  in  Scotland 
fields  where,  with  modem  appliances,  gold  might  be  profitably 
worked.  What  he  then  merely  hazarded  as  a  conjecture  has  since 
been  realised  as  a  fact,  and  he  had  much  pleasure  in  coming  before 
them  to  give  some  account  of  his  own  experiences  on  a  modem 
Scottish  Gold-field.  He  first  pointed  out  the  principal  geological 
features  of  the  district  With  the  exception  of  certain  strips  and 
peaks  of  Old  Bed  Sandstone,  large  grained  granite  and  Oolite,  the 
whole  of  the  country  immediately  surrounding  the  diggings  consists 
of  metamorphic  Lower  Silurian  rocks.  No  discovery  of  gold  in  situ 
has  yet  been  achieved,  so  that  the  question  as  to  what  is  the  true 
matrix  of  the  Sutherland  gold  is  somewhat  perplexing,  and  is  excit- 
ing amongst  geologists  a  considerable  degree  of  interest  The  drifts 
in  which  it  is  found  are  various,  fine  grained'^gold  and  even  small 
i^iiggots  having  been  obtained  in  various  strata,  from  the  bed  rock  to 
the  roots  of  the  heather.  It  exists  in  bands  of  black  ferruginous 
drift,  almost  of  the  nature  of  cement,  containing  washed  boulders  of 
gneiss,  granite  and  schists*    There  are  occasionally  two  distinct 

^  For  more  detaUed  and  scientific  infonnation  respecting  tbe  geological  stmctnre 
of  tbe  Sntherland  Gold-fields,  vide  a  paper  bj  tbe  Rer.  Mr.  Joass,  of  Golspie,  QoarL 
JouiL  GteoL  Soc.y  ?ol,  zzt.,  1869. 
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bores  at  low  water,  and  that  its  holes  ran  ol  wmoMM  oMgles  to 
the  horizon,  one  hole  Tory  often  oatting  through  another  at  nearly 
right  angles.  The  holes  in  inland  or  supra-marine  limestone  dis- 
tricts are  frequently  bored  through  each  other.  Mr.  Mackintosh  is 
of  opinion  that  the  Phola$  can  bore  upwards ;  it  is  certain  that  the 
ScLxicava  can  do  so. 

In  different  parts  of  England  and  Wales  Mr.  Maddntosih  has 
obserred  great  numbers  of  borings  in  limestone  rocks,  at  yarious 
altitudes  above  the  sea-level.  They  seldom  ran  vertioally  upwards 
from  the  underside  of  a  stone  tn  situ,  but  were  not  infrequently  hoii- 
Eontal,  and  sometimes  directed  at  a  small  angle  downwards.  In  no 
instance  has  he  found  a  live  snail  in  any  of  these  holes.  All  his 
observations  tend  to  militate  more  or  less  against  the  theoiy  that  the 
holes  have  been  excavated  by  snails. 

DSNUOATIOK  OF  THE  LaKS  DISTRICTS. — Mb.   MACKINTOSH  offors  S 

few  remarks  respecting  Mr.  J.  C.  Ward's  article  in  the  January 
number  of  the  Geological  Magazine  (p.  14).  The  assumed  proba- 
bility that  the  sea,  during  the  Olacial  submergence,  was  an  im- 
movable frozen  mass  (an  indispensable  prop,  as  he  considers,  to  the 
subaerial  theory),  is  opposed  by  four  facts ; — 1.  The  proximity  of 
the  Lake  District  to  the  southern  border  of  the  ice-covered  region ; 
2.  The  diminution  of  cold  consequent  on  the  diminished  extent  of 
high  land,  when  the  area  of  Great  Britain  was  reduced  to  the  condi- 
tion of  small  islands ;  3.  The  intensity  of  marine  action,  proved  by 
the  enormous  accumulations  of  drift  in  areas  contiguous  to  the  Lake 
District ;  4.  The  transportation  of  boulders  from  one  part  of  the 
Lake  District  to  another,  and  from  that  district  to  surrounding  areas, 
proving  the  activity  of  oceanic  currents. 

Mr.  Mackintosh  objects  to  the  existence  of  fallen  d6bris  (or  screes) 
on  steep  slopes  being  brought  forward  as  a  proof  of  sub-aerial  origin 
of  valleys.  The  valleys  existed  before  the  debris  began  to  fall,  and 
now  they  are  in  course  of  being  obliterated. 

The  carrying  powers  of  the  streams  in  the  Lake  District  is  in 
most  places  truly  insignificant  when  compared  with  the  rate  of  ac- 
cumulation of  screes. 

Mr.  Ward  disputes  his  assertion  that  the  escarpments  generally 
fiice  the  east,  south-east,  or  north-east.  Mr.  Mackintosh  remarks 
that  the  term  escarpment  ought  not  to  be  confined  to  the  outcrop  or 
upcrop  side  of  a  ridge,  because  this  side  is  not  always  marked  by  the 
most  regular,  steep,  and  continuous  slope.  He  would  like  to  be 
informed  of  the  existence  of  a  long,  steep,  continuous  slope,  with  or 
without  cliffs,  facing  the  north-west,  west,  or  south-west,  to  the  east 
of  a  line  drawn  from  Blackcombe  to  Skiddaw  Forest,  with  the  ex- 
ception of  the  Wallow  Crag  escarpment  (which  nearly  coincides 
with  a  fault),  and  Loanthwaite  Crag.  The  greater  part  of  the  Lake 
District  lies  to  the  east  of  this  line.  Two  or  three  exceptional  cases 
might  be  found,  but  Mr.  Mackintosh  has  not  met  with  any. 

To  the  west  of  this  line,  as  he  has  elsewhere  remarked,  the  prin- 
cipal escarpments  face  various  points  of  the  compass. 
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TALOFLOTHERnrM  ANNECTEN8,  Owbc. 

SiBy — ^The  specimens  described,  June,  1847,  as  of  Faloploihenum 
omieclau,  being  of  an  immature  individual  with  the  last  lower 
molar,  en  germe,  in  its  formative  alveolus  (Quart.  Joum.  G«ol.  Soc. 
YoL  iv.  pL  3,  fig.  4)  the  hind  lobule  was  not  calcified.  Subse- 
qaently  receiving  from  Hordwell  the  mandible  of  an  adult,  I  had  it 
placed  by  the  side  of  the  first  specimen,  and  labelled  with  its  name 
in  the  British  Museum.  The  rapid  accumulation  of  materials  has 
delayed  the  Second  Edition  of  my  ''  British  Fossil  Mammals ;"  but 
the  rectification  of  the  characters  of  Paloplotherium  was  made  by 
PiOTXT  in  the  Second  Edition  of  his  excellent  '*  Trait6  de  Pal^onto- 
logie,"  voL  i.  p.  312  ("  la  demiere  a  trois  lobes.") 

RlGHABD  OWKN. 

THE  LIQUEFACTION  OF  ROCKS  AND   "VOLCANOS." 

Sir, — My  error  against  Dr.  Sterry  Hunt  and  Mr,  Scrope,  conjointly, 
was  committed  in  the  pages  of  Scientific  Opinion,  and  I  acknow- 
ledged it  in  the  same  publication  as  soon  as  Dr.  Hunt  had  shown  me 
that  I  was  wrong.  I  suppose  that  I  did  not  read  Dr.  Hunt's  paper, 
when  it  appeared  in  the  Magazine  in  June  last. 

But  I  submit  that  that  has  not  disposed  of  my  letter  to  you,  written 
a  year  ago.*  For  in  the  sentence  which  he  quotes  from  "  Volcanos," 
p.  266,  it  is  evident  that  the  author  is  referring  to  changes  in  the 
condition  and  mass  of  the  volcano  itself;  because  he  immediately 
instances  the  sealing  up  of  a  fissure  by  cooled  lava,  and  the  accu- 
mulation of  ejected  matter.  Changes  of  pressure,  arising  from 
movements  in  the  earth's  crust,  through  the  cooling  of  its  general 
mass,  are  not  suggested. 

I  am  bound  to  thank  Dr.  Hunt  for  his  favourable  mention  of  my 
paper  as  a  whole.  0.  Fisheb. 

P.S.— Erratum,  at  p.  59,  line  21,  for  "  fused,"  read  "  glassy." 
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Professor  Owen  has  recently  received,  with  remains  of  Diprotodon, 
etc.,  from  the  lacustrine  deposits,  Darling  Downs,  Australia,  portions 
of  a  Crocodile,  in  similar  fossil  condition,  which  he  determines  to  be 
identical  with  the  species  of  Crocodile  still  existing  in  the  Queens- 
land rivers. 

Illustrative  Geology  and  PALiEONTOLOGT.  —  A  very  effective 
chart  of  British  Geology,  suggested  by  Mr.  Henry  Cole,  C.B., 
for  the  Technical  Education  System,  has  been  recently  carried 
out  by  Mr.  James  R.  Gregory,  geologist,  of  Russell  Street,  Covent 
Ghtrden,  and  is  placed  in  the  South  Kensington  Museum.  It 
is  chiefly  compiled  from,  and  intended  to  illustrate.  Professor 
Morris's  Geological  Chart.  The  names  of  the  formations,  the 
uses  to  which  the  rocks  are  applied  in  the  arts,  and  the  localities 
where  they  are  best  exhibited,  are  duly  enumerated  on  cardboard,  to 
which  are  attached,  in  parallel  lines,  various  fossils  and  a  few  rocks, 

^  GsoL.  Mao.,  YoL  Ti.,  p.  46, 
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characteristic  of  each  formatioii.  The  speoimens  are  necessarily 
small,  but  when  the  iipresentation  of  a  larger  form  appears  requisite, 
an  engraving  is  substituted.  The  Norwich  Crag,  for  instance,  is 
illustrated  with  the  following  specimens : — Nuctda  Cohboldia,  TelUna 
ohUqua,  Cardium  edule,  Zittarina  littorea.  Purpura  lapiUus,  and  a 
small  engraving  of  a  Mastodon's  tooth.  The  Mountain  Limestone  is 
illustrated  with  25  specimens,  and  so  on.  More  than  400  fossils 
and  rocks  are  here  displayed  in  four  cases,  and  altogether  they  form 
a  yery  useful  diagram  for  educational  purposes. 

Sib  Wm.  E.  Logan,  LL.D.,  F.RS.,  F.G.S.,  Dibkcjtob  of  thi 
Geological  Survey  op  Canada. — "  The  retirement  of  Sir  William 
E.   Logan  from  the   Greological   Survey"    (says  the  Daily  Globe^ 
Toronto)  "  will  be  received  with  regret  by  all  who  are  acquainted 
with  the  faithful  services  which  he  has  rendered  to  the  country.    Sir 
William  Logan  is  a  man  of  learning ;  his  achievements  in  his  own 
particular  subject  have  earned  the  applause  of  scientific  bodies  in 
Europe,  who  are  the  best  qualified  to  judge  of  their  value.     But  Sir 
William  is  also  a  man  of  strict  honesty,  and,  what  is  not  so  often 
found  in  men  of  science,  is  possessed  of  remarkable  common  sense. 
Many  times  his  statements  in  reference  to  economical  minerals  have 
been  questioned — sometimes  even  with  what  appeared  at  the  moment 
to  be  justice.     Experience,  however,  invariably  proved  him  to  be 
right.     He  has  always  wisely  and  prudently  guarded  his  statements^ 
so  as  to  prevent  reckless  expenditure  of  money  in  unproductive 
mines,  while  he  has  given  all  needful  encouragement  to  reasonable 
and  intelligent  hopes  of  a  financial  return.     It  is  something  for  hiim. 
to  say,  in  leaving  the  Survey,  that  his  statements  have  decoivcd  no 
one ;  that  not  one  dollar  has  been  expended  by  reason  of  errors  or  toc^ 
sanguine  statements  on  his  part.     In  the  choice  of  his  subordinates  ^ 
and  the  expenditure  of  monies  allotted  to  him  by  the  Legislatui-e,  hc^ 
has  been  all  that  the  Government  and  the  public  could  desire.     !*> 
may  safely  be  said  that  from  no  other  department  of  the  Administra.  — 
tion  have  such  results  been  obtained  as  from  the  Geological  Surveys- 
We  part  from  Sir  William  Logan  with  regret,  but  congratulate  our — 
selves  that,  though  laid  aside  from  public  duty,  he  is  still  by  n 
means  incapable  of  labour;  and  we  trust  that  he  may  live  man 
years  to  enjoy  the  honours  which  he  has  so  well  earned.     We  kno 
nothing  of  Mr.    Selwyn,  his  successor;  but  Sir  William  Logan*"^ 
recommendation  is  sufficient  of  itself  to  secure  his  appointment ;  tl»^ 
public  will  judge  him  afterwards  by  his  labours." — Although  MjT- 
Alfred  E.  C.  Selwyn  may  not  be  known  to  the  general  public  ix»- 
Canada,  yet  he  is  very  well  known  to  scientific  Geologists  in  BritaL*^*- 
and  elsewhere — first,  by  his  labours  in  connection  with  the  Geo— 
logical  Survey  of  Great  Britain ;  and  afterwards  by  the  able  mann0^»^ 
in  which  he  conducted  the  Geological  Survey  of  Victoria,  till  itt- 
necessities,  parsimony,  or  ignorance  of  that  Colonial  Govemmerx 
induced  its  Ministry  to  stop  the  work,  and  pay  off  all  the  officers,  of 
Survey  which  took  rank  with  the  best-oonducted  Geological  Surve; 
in,  the  world. — Edit. 
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EMINENT  LIVING  GEOLOGISTS. 

L — Bev.  Adam  Sedowiok,  M.A.,  LL.D.,  F.TI.S.,  Woodwardian  Pro- 
fessor of  Geology  in  the  University  of  Cambridge. 

(With  a  PoRTaAiT.) 

IN  every  branch  of  Natural  Science  there  are  earnest  zealous 
workers,  whose  life-long  devotion  to  its  cause  entitles  them  to 
be  warmly  remembered  and  even  beloved,  especially  when  their 
labours  have  been  protracted  over  more  than  half  a  century ;  so  long 
indeed,  that  to  many  of  the  scientific  youth  of  the  present  day  they 
are  only  known  by  name. 

Such  an  one  is  the  now  venerable  Adam  Sedgwick,  Woodwardian 
Professor  of  Geology  in  the  University  of  Cambridge,  and  certainly 
one  of  the  most  eminent  of  living  geologists. 

Mr.  Sedgwick  was  bom  at  Dent,  in  Yorkshire,  June  1784,  and 
entered  Trinity  College,  Cambridge,  where  he  graduated  as  5th 
wrangler  in  1808,  and  was  elected,  in  1810,  a  Fellow  of  Trinity 
Collie,  of  which  he  is  now  the  oldest  member.  In  1818  he  succeeded 
Prof.  BLailstoue  in  the  chair  of  Geology,  founded  at  Cambridge  by 
the  celebrated  Dr.  John  Woodward. 

At  this  period  little  was  known  in  England  of  geological  science, 
but  a  general  notion  prevailed — agreeing  closely  with  old  Dr. 
Woodward's  theory,  who  founded  the  chair — that  all  fossils  were  the 
result  of  a  universal  Deluge  which  had  once  swept  over  the  whole 
earth,  and  to  the  agency  of  which  all  the  strata  owed  their  origin. 
For  notwithstanding  the  writings  of  Werner,  Hutton,  and  Playfair, 
William  Smith,  and  others,  already  in  existence,  only  the  key-notes 
of  geological  science  had  as  yet  been  touched,  and  it  was  needful 
that  the  patient  labours  of  many  such  men  should  accumulate  for 
years  before  the  full  chord  of  geological  harmonies  could  be  evoked. 

Mr.  Sedgwick's  paper  on  Devon  and  Cornwall,  read  before  the 
Cambridge  Philosophical  Society  in  May,  1820,  and  published  in 
1822,  was  the  result  of  work  done  by  him  as  early  as  1819. 

He  saw  then  that  the  Plymouth  fossil  corals  could  not  be  identi- 
fied with,  and  were  older  than  those  of  the  Mountain  Limestone  (pp. 
93,  142,  ToL  i.,  Cambr.  Phil.  Trans.).  It  is  interesting  to  note  here 
that  he  was  one  of  the  secretaries  of  the  Cambridge  Philosophical 
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Society,  at  its  establUhment  in  1819,  and  has  frequestly  been  m, 
office-bearer  §iuoo. 

In  1818  he  waa  elooted  a,  Fellow  of  tbe  Koyal  Society,  and  in  ^ 
same  year  lie  waa  also  made  a  Fellow  of  ttie  Geological  Society  of 
London,  In  tliia  last-named  Society  ho  filled  several  ofSces,  and  in 
18'tO  was  elected  President,  holding  the  post  for  the  usual  tem  of 
two  years,  and  delivering  the  annual  addresses  to  that  learned  body. 

In  1836,  Prof,  Sedgwick  and  Mr.  (now  Sir  Koderick)  lUurcfaison 
communicated  to  the  British  AsBooiation  at  Bristol,  a  paper  on  the 
Culniiferous  strata  between  Dartmoor  and  the  north-west  of  DoTon, 
pointing  out,  for  the  first  time,  the  true  geological  position  of  those 
deposits. 

In  June,  1837,  they  gave  to  the  Geological  Society  their  account 
of  the  whole  district-—"  for  they  not  only  attempted  to  describe  the 
order  of  the  successiva  formationa  north  of  Dartmoor,  but  also  to 
bring  them  into  comparison  with  the  formations  which  are  expanded 
from  the  South  side  of  the  Dartmoor  granite  to  Start  Point,  and  to 
the  other  headlands  of  the  south  coast  of  Devon."  Sir  H.  De  La 
Becbe,  Ur.  James  Sowerby,  and  Mr.  Austen,  on  tbe  other  hand, 
regarded  the  Plymouth  and  Newton  Limestones  at  that  time  aa 
CaThoniferovM. 

In  1838  Mr.  Sedgwick  re-surveyed  the  country  sonth  of  Dart- 
moor, and  Mr.  Lonsdale,  Mr.  James  Sowerby,  and  Mr.  PbillipB, 
pifiniined  the  fosBils.' 

In  March,  1839,  Professor  Sedgwick  and  Sir  Boderick  HarohiBcn 
adopted  tlieir  final  classification  of  the  older  sedlmentaij  rooks  of 
Devon  and  Cornwall. 

Mr.  Lonsdale  speaks  of  the  "bold  removal  of  the  whole  of  the 
Bcbistose  and  greywacke  rocks  of  Devon  and  Cornwall  to  the  Old 
Ked  Sandstone,"  as  "  a  generalization  which  could  only  arise  &om 
long,  jiatient,  accurate,  and  extensive  practice  in  the  field ;  and  « 
willingness  to  adopt  a  suggestion  fronj  whatever  quarter  it  might  be 
advanced."     Geol.  Trans.,  vol.  v.,  p.  725.  j 

In  February,  1851,  the  Council  of  the  Geological  Society  awarded   ! 
to    Professor   Sodgwick  the  WoUaston   Palladium  Medal,    for  his    i 
original  researches  in  developing  the  geological   structure   of  tlte  j 
British  Isles,  the  Alps,  and  the  Bheuish  Provinces.     The  President,  J 
Sir  Charles  Lyell,  in  presenting  the  medal,  said  it  vras  impossible  to  I 
embody,  in  the  brief  terms  of   such  a  speech,  an  analysis  of  hifl  i 
varied   labours,   but   refeiTed   eepecially    to  his    memoirs    on    tlw  '| 
Magneeian  Limeatone  of  the  North  of  England,  on  the  Tmp-rooki    i 
of  Durham   and   Cumberland,    on   tie  Fossiliferous  strata  of  tbs 
North  of  Scotland,  and  on  the  Isle  of  Arran ;  on  the  Mountaina  of 
Cumberland,  and  the  adjoining  Lake -district,  and  of  North  Wales, 
hia  essays  on  Slaty  Cleavage,  the  determination  of  the  true  age  of 
the  strata  of  Devon  and  Cornwall,  which  are  now  termed  Devonian; 
and  on  the  Alps  and  Bhenish  Provinces. 

'  Mr.  Lonsdale  had  iU^gfiBted,  in  December,  1837,  Ibat  they  were  intennediata  ia    ' 
character  between  the  Silurian  and  Cuban iferoui,  and  theiefon  of   ■■  Old  Bad 
SaudEtona  "  age.    Frooeediogs  GeoL,  Sso.,  toL  t.,  p.  727, 
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Xo  member  of  his  University  has  oonfxibuted,  in  a  higher  degree 

diao  Professor  Sedgwick,  to  elevate  its  character  as  a  school  of  the 

Niataial  Sciences.     To  him  it  is  also  indebted  for  much  care  and 

liberalitj  in  providing  for  the  now  large  collections  of  the  Geological 

tfoseam,  the  nucleus  of  which  was  Dr.Wood  ward's  own  small  Cabinet. 

He  has  himself  contributed  to  it  a  noble  series  of  many  thousand 

rock-specimens,  chiefly  British,  and  a  still  more  valuable  series  of 

organic  remains.     For  the  arrangement  of  the  latter,  and  of  all  the 

palseontological  coUcctionB  added  to  the  museum   during  the  last 

thirty-eight  years,  he  secured  first  (in  1842-45),  the  services  of  the 

late  Mr.  J.  W.  Salter,  F.G.8.,   afterwards  palD9ontologist  to   the 

Geological  Survey  of  England  and  Wales.     For  the  next  four  years 

he  was  assisted  by  Mr.  M'Coy,  since  appointed   to   the  chair  of 

natural  bistory  in  the  University  of  Melbourne,  Victoria,  Australifiu 

Professor  M'Coy's  descriptive  catalogue  of  the  "  British  Palaeozoic 

Fossils  "  contained  in  these  collections,  lias  been  published  by  the 

University,    introduced  by  an  elaborate  dissertation  by  Professor 

Sedgwick,  entitled  ''A  Synopsis  of  the  Classification  of  the  Biitish 

PalsBOzoic  Rocks."     In  it  he  has  expressed  his  matured  views,  and 

given   his    final  decision  on  the  subject  of  the  classification  and 

nomenclature  of  the  older  paloeozoic  formations,  on  which  he  is  at 

iasae  with  his  friend  and  former  fellow-worker  Sir  R.  1.  Murchison, 

giving  to    the   Silurian  system  of   that  geologist  all   the  lower 

palaeozoic  formations  above  the  Goniston  grits,  and  claiming  for  his 

own  Cambrian  system  everything,  from  the  Coniston  grits  inclusive, 

down  to  the  Skiddaw  slate,  and  its  equivalents,  the  Bangor  and 

Longmynd  group,  the  most  ancient  of  British  rocks. 

In  1855,  the  late  Mr.  Lucas  Barrett  (afterwards  Director  of  the 
Geological  Survey  of  the  British  West  Indies)  was  elected  Prof.  Sedg- 
wick's assistant  and  remained  until  1859,  when  he  wont  to  Jamaica. 

His  post  as  assistant  to  Prof.  Sedgwick  has  since  been  filled  by 
Mr.  H.  6.  Seeley,  F.G.S.  (whose  Catalogue  on  the  Reptilian  Re- 
mains, in  the  Woodwardian  Museum,  published  under  the  auspices 
of  Prof.  Sedgwick,  we  noticed  in  our  January  number,  p.  34). 

As  a  lecturer  PK>f.  Sedgwick's  style  is  clear,  earnest,  and  philo- 
sophical, full  of  energy,  and,  even  now,  in  his  52nd  Course  of 
Lectures,  and  at  the  age  of  86,  he  is  still  vigorous,  and,  when  his 
health  permits,  cheerful  and  full  of  humorous  anecdote.  For  high 
moral  courage,  for  hatrcil  of  all  that  is  wrong  and  mean,  for  generosity 
of  nature  and  tenderness  of  heart,  Prof.  Sedgwick  is  noted.  He  is 
beloved  by  all  who  have  the  pleasure  to  enjoy  his  friendship. 

In  his  declining  years  he  Ylba  the  satisfaction  to  reflect  that  he  has 
dome  several  splendid  pieces  of  field-geology,  which  will  ever  remain 
auociated  with  the  name  of  Sedgwick :  and,  also,  that  he  has  been 
the  teacher  of  many  first-rate  practical  geologists,  some  of  whom,  alas  I 
have  already  done  their  ap})ointed  task,  and  gone  before  their  master. 

The  following  is  a  list  of  Professor  Sedgwick's  papers,  as  recorded 
in  Agassiz's  '' Bibliographia  Zoologiaa  et  Geologias,"  1854.  (Ray 
Society) : — 

On  the  Physical  Stmcture  of  thoie  fonnatioDB  which  are  immediately  aModated 
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with  the  primitire  Bidg^  of  Deronshire  and  Cornwall. — Trans.  Cambi 
i.  p.  89. 

On  the  Phyrical  Straotnre  of  the  Lisard  Diatriet  of  Cornwall. — 1 
PhU.  Soc.,  i.  p.  291. 

On  the  Phenomena  connected  with  some  Trap  Dykes  in  Yorkshire  ai 
T^rans.  Camhr.  Phil.  Soc.,  ii.  p.  21 ;  et  Phil.  Mas.,  etc. 

On  the  Association  of  Trap  Rocks  with  the  Mountain  limeatoiM 
High  Teesdalo. — Trans.  Camhr.  Phil.  Soc.,  ii.  p.  139,  etc. 

On  the  Origin  of  Alluvial  and  Diluyial  Formations. — Thomwti^i  An 
p.  241 ;  z.  p.  18,  etc. 

On  the  Classification  of  the  Strata  which  appear  on  the  Yoikshire  G 
sofi*ff  Ann.  Philos.,  1826,  xi.  p.  339,  etc. 

On  some  Beds  associated  with  the  Magncsian  Limestone,  and  on  imi 
found  in  them. — Proc.  Geol.  Soc.»  i-  p.  2 ;  PhiL  Mag.,  ser.  2,  i.  p.  66. 

On  the  Magnesian  Limestone  of  the  Northern  Counties.  —Proc.  GeoL 

On  the  Geological  Relations  and  Internal  Stmctnro  of  the  Ma^esl 
and  the  Lower  Portions  of  the  New  Red  Sandstone  Series  in  their  Bi 
Nottinghamshire,  Derbyshire,  Yorkshire,  and  Durham,  to  the  Southen 
Northumberland. — Trans.  Geol.  Soc.  ser.  2,  iii.  p.  37,  etc. 

A  Syllabus  of  a  Course  of  Lectures  on  Geology. — Cambr.  1832  (2nd 

Address  to  the  Geological  Society,  1830.— Proc.  Geol.  Soc,  i.  p.  187 
aer.  2,  ni.  p.  289. 

On  the  General  Structure  of  the  Cumbrian  Mountains;  with  a  Descripti 
Dislocations  by  which  they  have  been  separated  from  the  neighbouring  I 
Chains. — Trans.  Geol.  Soc.,  ser.  2,  iv.  p.  47,  etc. 

Address  to  the  Geological  Society,  1831. — Proc.  Geol.  Soc.,  i.  p.  270 

On  a  Series  of  Longitudinal  and  'J  ransverse  Sections  through  a  ] 
Carboniferous  Chain  between  Penigent  and  Kirkby  Stephen. — Trani 
ser.  2,  iv.  p.  69,  etc. 

On  the  New  Red  Sandstone  Series  in  the  Basin  of  the  Eden,  and  1 
Coasts  of  Cumberland  and  Lancashire.— Trans.  Geol.  Soc.,  ser.  2,  iv.  p 

On  the  Geological  Relations  of  the  Stratified  and  Unstratified  Gra 
composing  the  Cumbrian  Mountains. — Proc.  Geol.  Soc,  i.  p.  399,  etc. 

On  certain  Fossil  Shells  overlyiug  the  London  Clay  in  the  Isle  of  Sh 
Geol.  Soc,  i.  p.  409,  etc. 

On  a  Band  of  Transition  Limestone,  and  on  the  Granite  Veins,  app 
Gievwacke  Slate  of  Westmoreland,  near  Shap  Fells  and  Wastdsle  \ 
Geol.  Soc,  iL  p.  1,  etc. 

On  the  Structure  of  large  Mineral  Masses,  and  especially  on  the  Choi 
produced  in  the  Aggregation  of  Stratified  Rocks  during  dilferent  peril 
Deposition. — Trans.  Geol.  Soc,  ser.  2,  iii.  p  461,  etc. 

Notice  of  an  Incursion  of  the  Sea  into  the  Collieries  at  Workingtoi 
Assoc,  1837,  Sect.  p.  75. 

A  Synopsis  of  the  English  Series  of  Stratified  Rocks,  inferior  to 
Sandstone ;  with  an  attempt  to  determine  the  successive  natural  Group 
tions. — Proc.  Geol.  Soc,  ii.  p.  676,  etc. 

Supplement  to  a  Synopsis  of  the  English  Series  of  Stratified  Rocks  i 
Old  Red  Sandstone,  with  Additional  Ucmarks  on  the  Relations  of  the 
Series  and  Old  Red  Sandstone  of  the  British  Isles.— Proc.  Geol.  Soc,  ii 

On  the  Geological  Structure  of  North  Wales. — Proc  Geol.  Soc,  iv. 

On  tho  older  Palicozoic  (Protozoic)  Rocks  of  North  Wales.— 
Soc,  i«  p*  6. 

On  the  Geology  of  the  Neighbourhood  of  Cambridge,  including  tl 
between  the  Chalk  Escarpment  aud  the  Great  Bedfurd  Level. — Rep. 
1846.  Sect.  p.  40. 

On  the  Comparative  Classification  of  the  Fossiliferous  Strata  of  ] 
with  the  corresponding  Deposits  of  Cumberland,  Westmoreland,  and  \ 
Jonm.  Geol.  Soc,  i.  p.  442 ;  ii  p.  106. 

On  the  Classification  of  the  Fossiliferous  Slates  of  North  Wales, 
Westmoreland,  and  Lancashire.— Quart.  Geol.  Joum.,  iii.  1,  p.  133. 

On  the  Organic  Remains  found  in  the  Skiddaw  Slate,  with  some  Rer 
Clanification  of  the  older  Rocks  of  CumbvrUnd  and  Westmoreland, 
GooL  Soc,  iv.  p.  216. 
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On  the  Geological  Straetare  and  Relations  of  the  FroDtier  Chains  of  Scotland, 
with  a  list  of  Org^c  Remains  by  Professor  M*Coy. — Bep.  Brit.  Assoc,  1860,  Sect. 
p.  103.  etc. 

Od  the  Slate  Rocks  of  Deron  and  Corawall.— Journ.  Geol.  Soc.,  riii.  p.  1. 

On  the  Lower  Palflw>xoio  Rocks  at  the  Base  of  the  Carboniferous  Chain  between 
HaTcnstonedale  and  Bibblesdale.— Joum.  Geol.  Soc,  viii.  p.  35. 

On  the  Classification  and  Nomenclature  of  the  Lower  Palaeozoic  Rocks  of  England 
floid  Wales.— Quart.  Jonm«  Geol.  Soc.,  Tiii.  p.  136. 

Joint  papers  by  Professor  Sedgwick  and  Sir  B.  I.  Murchison. 

On  the  Geological  Relations  of  the  Secondary  Strata  in  the  Isle  of  Arran. — Trans. 
GeoL  Sec.,  ser.  2,  iii.  p.  21,  etc. 

On  the  Structure  and  Relations  of  the  Deposits  contained  between  the  Primary 
Bocks  and  the  Oolitic  Series  in  the  North  of  Scotland. — Trans.  Geol.  Soc,  ser.  2, 
nL  p.  125,  etc. 

On  the  Structure  of  the  Eastern  Alps ;  with  Sections  through  the  newer  Formations 
on  the  Northern  Flanks  of  the  Cham,  and  through  the  Tertiary  Deposits  of  Styria, 
etc. — ^Trans.  GeoL  Soc.,  ser.  2,  iii.  p.  301,  etc. 

A  Sketch  of  the  Structure  of  the  Austrian  Alps.— Proc.  Geol.  Soc.,  i.  p.  227,  etc. 

On  the  Silurian  and  Cambrian  Systems. — Rept.  Brit.  Assoc.,  1835,  Sect.  p.  59. 

Classification  of  the  Old  Slate  Rocks  of  North  Devon.— Rep.  Brit.  Assoc,  1836» 
Sect.  p.  95. 

On  a  Raised  Beach  in  Barnstaple  or  Bidcford  Bay,  on  the  north-west  coast  of 
DeTonshire. — Trans.  GeoL  Soc,  ser.  2,  v.  p.  279,  etc. 

On  the  Phjsical  Structure  of  Devonsbire,  and  on  the  Subdivisions  and  Geological 
Relations  of  its  older  Stratified  Deposits,  etc. — Trans.  Geol.  Soc,  ser.  2,  v.  p.  633,  etc. 

On  the  Classification  of  the  Older  Rocks  of  Devonshire  and  CornwalL — Proc. 
GeoL  Soc,  iii.  p.  121,  etc 

On  the  Distribution  and  Classification  of  the  Older  or  PaloQozoic  Deposits  of  the 
North  of  Germany  and  Belgium,  and  their  comparison  with  Formations  of  the  same 
age  in  the  British  Isles. — Trans.  Geol.  Soc,  ser.  2,  vi.  p.  221,  etc. 

Joint  papers  by  Professor  Sedgwick  and  W.  Peile,  Esq. 

On  the  Range  of  Carboniferous  Limestones  flanking  the  Primary  Cumbrian  Moun- 
tains ;  and  on  the  Coalfields  of  the  North-west  Coast  of  Cumberland,  etc. — Proc. 
Geol.  Soc,  iL  p.  198. 

On  the  Coalfields  on  the  North-western  Coast  of  Cumberland. — Proc.  Geol.  Soc, 
ii.  p.  419,  etc. 


n, — Sueface-Gkology  (Plate  V.)  of  Belgium. 

Joomal  of  the  Eoyal  Agricultural  Society  of  England.  Second  series, 
Vol.  vi.,  Part  1,  No.  xi.,  1870.  8vo.  pp.  314.  London.  John 
Murray. 

WE  called  attention  to  Part  ii.  of  the  Fifth  volume  of  the 
Journal  of  this  Society  in  our  December  number.^  We  have 
just  received  the  first  part  of  the  sixth  volume,  and  are  glad  to  find 
that  the  subject  of  Agricultural  Geology  once  more  finds  a  place  in 
it«  pages,  and  that  the  Secretary,  Mr.  Jenkins,  is  again  its  advocate 
and  exponent.  In  the  present  part,  Mr.  Jenkins  applies  his 
geological  training  to  an  exposition  of  the  surface-geology  of 
Belgium,  whither  he  had  gone  in  the  latter  part  of  the  summer  of 
1869  to  report  on  the  Agriculture  of  that  kingdom,  accompanied  by 
Dr.  Augustus  Voelcker,  the  Society's  chemist. 

His  report,  which  occupies  86  pages  of  the  Journal,  is  illustrated 

*  See  Geological  Maoazdte,  1869,  Vol.  YI.  p.  569. 
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by  a  chromo-lithographic  map,  depicting  the  smrfaoe-geology  of 
Belgium,  which,  by  the  permission  of  the  Council  of  the  Boyal 
Agiicultural  Society,  we  are  enabled  to  reproduce  here,  for  the 
illustration  and  better  explanation  of  the  few  remarks  we  propose  to 
make  thereon. 

The  accompanying  map  (Plate  V.)  conveys  to  the  eye  the  broad 
features  of  the  surface-geology  of  the  country,  and  by  the  intro- 
duction of  a  series  of  contour-lines  and  figures,  giving  the  altitudes, 
we  ai-e  enabled  to  see  at  a  glance  the  extent  of  area  which  each  for- 
mation occupies,  its  elevation  above  the  sea,  and  the  ooincidenoe  of 
these  lines  with  the  boundaries  of  the  two  great  superficial  deposits, 
the  '  Campine  Sands  *  and  the  *  Limon  do  Hesbaye,*  which  together 
form  two-thirds  of  the  surface  of  the  country.  The  boundary  of  the 
remaining  third  is  sharply  defined  by  the  valley  of  the  Mense,  south 
of  which  is  the  plateau-region,  mapped  as  consisting  simply  of 
*  strong-land,'  the  term  being  used  to  convey  not  the  geological 
nature  of  the  tract,  but  its  agricultural  character,  for  we  must  re- 
member that  the  map  is  intended  to  give  a  notion  of  the  surface  to 
the  farmer.  Geologists  know,  and  are  reminded  by  Mr.  Jenkins  in 
the  text  (p.  6),  that  "the  highly  contorted  beds  of  limestone  or 
schist  belonging  to  the  Carboniferous,  Devonian,  and  Silurian 
periods,"  form  the  solid  substrata  of  this  region. 

The  coincidence  of  the  agricultural  and  physical  characteristics 
of  the  author's  divisions  of  the  kingdom  are  described  in  the 
following  paragraph  (p.  2).  "  In  Belgium  there  are  four  descriptions 
of  soil,  and  as  many  kinds  of  farming,  each  soil  having  a  culture 
peculiar  to  it.  The  distribution  of  the  soils  is  shown  on  our  map  by 
Colours,  which  roughly  represent  by  their  hue  the  relative  strength 
of  the  land  in  different  regions.  Each  of  these  r^ons  is 
characterised  not  only  by  its  soil,  subsoil,  and  mode  of  cultivation, 
but  also  by  a  variation  in  climate  and  a  difference  in  the  form  of  its 
surface,  with  the  exception  of  the  recently  formed  Polder-land, 
which  has  the  same  climate  and  surface-configuration  as  the  adjoining 
districts.  We  may  therefore  regard  these  divisions  as  natural,  and 
as  affording  a  most  interesting  example  of  the  dependence  of  modes 
of  culture  on  natural  attributes." 

These  divisions  are  as  follows  (p.  3)  : — "1.  The  sandy  district  of 
Northern  Belgium;  2.  The  loamy  district  of  Central  Belgium;  8. 
The  Polders  and  River- valleys ;  and  4.  The  plateau-region  of 
Southern  Belgium.  The  tract  of  country  at  the  extreme  south  of 
Belgium,  viz.,  the  Bas  Luxembourg,  might  have  been  distinguished 
by  another  colour ;  but  as  its  extent  is  small,  and  its  agriculture  hA> 
more  connexion  with  that  of  the  Grand  Duchy  than  with  the  rest  of 
Belgium,  besides  being  of  very  little  importance,  we  do  not  propoae 
to  notice  it  as  a  separate  province  of  agricultural  Belgium." 

The  dependence  of  the  scenery  upon  the  geological  structure  of 
these  divisions  will  also  be  as  apparent  to  our  readers,  from  the  fol* 
lowing  quotations,  as  will  the  more  agricultural  and  olimatal 
characteristics,  which  it  is  the  author's  object  to  bring  into  relief 
(p.  3-4). 
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1.  The  Sandy  District  of  Northern  Belgium, — To  the  traveller 
this  region  presents  the  appearance  of  a  dead  flat ;  but  in  reality  it 
attains,  at  the  extreme  eastern  boundary  of  the  Campine,  beyond 
Hasselty  an  elevation  of  250  feet  With  the  exception  of  the  eastern 
Campine,  however,  the  maximum  elevation  is  80  feet,  from  which 
height  the  surface-line  gradually  descends  to  the  sea-level  at  the 
coast.  This  otherwise  perfect  inclined  plane  is  interrupted,  near  its 
summit,  by  the  wide  depressions  which  form  the  valleys  of  the 
Eseaat  and  its  tributaries,  and  which  are  so  deep,  that,  although  the 
town  of  Ghent  is  only  16  feet  above  the  sea -level,  and  Termonde  is  * 
barely  10,  the  line  of  75  feet  elevation  is  not  more  than  six  miles 
distant. 

This  district  comprises  the  long  strip,  coloured  yellow  on  our  map, 
and  therefore  includes  nearly  the  whole  of  Northern  Belgium.  It 
is  naturally  and  almost  pure  blovring  sand  which  forms  the  subsoil, 
and  which  is  known  to  geologists  as  the  *'  Campine  sands/' 

With  a  sandy  soil,  an  abundance  of  moisture,  a  sheltered  position, 
and  a  coast- line  washed  by  a  sea  warmed  by  the  Gulf-stream,  the 
climate  of  Northern  Belgium  is  naturally  favourable  for  the  practice 
most  characteristic  of  its  agriculture,  namely,  the  growth  of  two 
crops  in  one  year.  Like  the  greater  portion  of  England,  the  king- 
dom of  Belgium  lies  within  the  zone  of  50°  Fahr.  mean  annual 
temperature;  but  neither  this  nor  the  mean  annual  rainfall  have  much 
beanng  on  the  agriculture  of  the  countries,  for  it  is  the  distribution 
of  the  moisture  and  the  temperature  which,  as  we  shall  see,  really 
influences  differences  in  agricultural  practice.  The  liiean  summer 
temperature  and  summer  rainfall  affect  the  farming  to  a  considerable 
extent,  and  the  mean  winter  temperature  and  winter  rainfall  have  a 
comparatively  slight  influence. 

2.  The  Loamy  District  of  Central  Belgium, — ^This  region,  coloured 
red  on  the  map,  is  that  of  the  Hesbayan  loam,  which  is  covered  by 
a  good  deep  soil  of  moderate  strength,  about  comparable  in  most 
parishes  to  our  best  turnip  and  barley  soils,  but  becoming  lighter 
towards  the  sandy  land  of  the  district  just  described,  and  heavier 
towards  those  which  remain  to  be  noticed.  Speaking  broadly,  the 
land  is  of  better  quality  in  the  central  and  eastern  portions  of  the 
district  than  in  the  western.  Its  surface  is  pleasantly  diversified  in 
the  west,  where  it  is  studded  with  isolated  eminences  (see  map),  the 
hills  attaining  a  height  of  between  400  and  500  feet,  and  becomes 
simplified  in  the  east,  where  it  forms  broad  and  flat  undulations, 
which  are  a  rolling  continuation  of  the  "  inclined  plane"  of  Northern 
Belgium,  and  rise  to  a  height  of  nearly  600  feet  on  the  verge  of  the 
Mease  valley. 

3.  The  Polders  and  Biver  Valleys. — ^The  soil  of  this  division  (ruled 
blue  on  the  map)  consists  of  what  is  usually  termed  alluvium, 
namely,  an  argillaceous  soil,  containing  a  varying  proportion  of 
sand  amd  a  little  lime.  Generally  it  is  extremely  fertile,  especially 
when  first  reclaimed.  The  term  "  Polders"  is  properly  applied  to 
alluvial  flats,  reclaimed  from  the  sea  or  the  mouth  of  rivers,  and  pro- 
tected by  dykes  against  high  tides,  floods,  and  Btoima.    TVi^  -^V^^ 


152  Surface"  Geology  of  Belgium. 

of  the  Dutch  and  Belgian  ooast  line  consists  of  this  description  of 
land ;  a  large  portion  of  the  kingdom  of  Holland  comes  nnder  the 
same  title.  With  this  land  we  have  classed  the  alluvium  of  the 
river-valleys,  which  has  heen  formed  by  the  deposition  of  mud  by 
the  rivers,  especially  during  floods,  in  those  portions  of  their  course 
where  the  velocity  of  the  stream  is  not  sufficient  to  transport  the 
mud  brought  down  from  the  higher  country.  Owing  to  the  small 
scale  of  the  map  we  have  not  been  able  to  show  these  river-deposits, 
except  where  they  have  any  great  breadth,  but  in  reality  they  border 
most  of  the  streams  in  Northern  and  Central  Belgium.  This  alluvium 
differs  very  slightly  from  the  Polders  in  actual  composition,  but 
very  materially  in  agi'icultural  use ;  for  the  former,  especially  when 
irrigated,  forms  extremely  rich  feeding  and  meadow  land,  while  the 
latter  is  almost  exclusively  devoted  to  the  growth  of  com.  In  climate 
the  Polder  region  resembles  the  adjoining  portion  of  Flanders,  differ- 
ing only  to  such  an  extent  as  may  be  caused  by  the  influence  of  the 
soil  on  temperature  and  humidity.  Physically  the  Polders  form  a 
nearly  plane  surface,  the  undulations  being  scarcely  visible,  and 
rarely  attaining  a  greater  height  than  four  or  Ave  feet. 

4.  The  Plateau-region  of  Southern  Belgium, — A  glance  at  our  map 
will  show  that  south  of  the  Meuse  the  surface  rapidly  rises  to  a 
height  of  nearly  800  feet,  between  which  elevation  and  the  line  of 
1000  feet,  it  forms  a  somewhat  triangular  plateau.  Still  further 
south  the  same  phenomena  are  repeated  ;  the  surface  rises,  even  more 
rapidly  than  before,  from  the  1000  feet  line  to  a  mean  height  of  about 
1600  feet,  and  then  a  plateau  of  more  broken  character  is  reached. 
The  former  of  these  mountain-plains  is  known  as  the  Condroz,  and 
the  latter  as  the  Ardennes. 

In  concluding  our  notice,  we  bog  to  call  the  attention  of  geolo- 
gists to  the  desirability  of  adopting,  for  the  superficial  deposits  of 
this  country,  as  simple  a  series  of  colours  as  is  possible  to  be  used, 
in  order  to  indicate  the  different  kinds  of  gravels,  sands,  clays,  etc., 
which  form  our  Later  Tertiary  and  Quaternary  Deposits  ;  so  that  the 
farmer,  for  whose  use  they  are  mainly  designed,  may  not  be  con- 
founded, by  their  complexity  and  numbers,  in  his  flrst  attempt  to 
understand  the  meaning  of  the  colours  on  the  map.  This  must  in- 
evitably happen  if  the  attempt  be  made  to  introduce  lines,  signs,  or 
colours  to  indicate  these  superficial  deposits  upon  the  already  highly 
coloured  geological  maps  of  any  area  of  our  Island.  A  fresh  and 
distinct  series  of  maps  is  absolutely  called  for  in  the  interest  of  the 
land-owners  and  the  farming  community  generally.  Who  will  under- 
take the  task  ? 

The  other  point  which  merits  special  attention  in  Mr.  Jenkins's 
map,  is  the  introduction  of  the  contour  lines,  and  the  figures  indi- 
cating the  height-s  above  the  sea. 

We  hope  this  is  only  the  commencement,  by  the  Hoyal  Agricultural 
Society,  of  a  long  series  of  similar  maps  and  descriptions  of  'R'^ngliah 
and  foreign  surface-geology. 
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in. — On  thx  Milk  DKynnoM  or  Pal^otherium  maqsvm. 

By  ProfeaBor  Huxur,  LL.D.,  F.R.S. 
(PLATE  VI.) 

N  the  British  Mnseom  there  is  the  right  ramns  of  the  mandihle 
of  a  young  Paiceotherium  magnum,  ohtaiiied  by  M.  Bravard  from 
the  Eocene  strata  of  Yauclose,  which  possesses  a  peculiar  interest, 
inasmuch  as  the  three  principal  milk  molars  are  completely  cat, 
thongh  their  nnwom  crowns  show  that  they  have  not  long  been  in 
place.  The  ramns  itself  must  have  been  nearly  eight  inches  long 
when  it  was  complete,  while  the  distance  from  the  articular  surface 
of  the  condyle  to  the  lower  margin  is  about  3*2oin.  Tlie  symphysial 
soriaoe  is  oval,  rugose,  and  extends  back  nearly  as  far  as  the  anterior 
margin  of  the  crown  of  the  first  visible  grinder ;  the  autorior.  or  mental 
region  of  the  ramus,  is  inclined  u})wards  and  fon^'ards,  and  is  slightly 
convex,  as  in  all  the  true  PalcEotheria,  In  front  of  the  most  anterior 
milk  molar  which  is  in  place,  there  is  an  oval  fossa  about  0*2in.  long, 
which  appears  to  lead  into  the  alveolus  of  the  proper  first  milk 
molar  (dm*)  ;  and  further  forward  (but  not  more  than  0*2in.,  so  that 
the  diastema  of  the  milk  teeth  must  have  been  execedingl}'  short)  a 
series  of  depressions  on  the  truncated  anterior  end  of  the  ramus  re- 
present the  bottoms  of  the  alveoli  of  the  canine  and  incisors. 

The  ramus  of  the  mandible  of  an  adult  Pahvotherifim  magnum,  in 
the  same  collection,  can  hardly  have  been  less  than  lo  inches  long. 
The  diastema  between  the  small  first  grinding  tooth  an«l  the  great 
canine  is  about  O-Sin.  long,  and  the  symphysis  extends  back  to  a  little 
behind  the  anterior  edge  of  pm^. 

The  three  milk  molars  which  are  in  place  (viz.,  dnr.  dm^,  and  dm*) 
in  the  jaw  of  the  young  Palceotherium,  occuiw  a  length  of  3*Gin., 
which  is  identically  the  same  space  as  that  taken  up  by  the  second, 
third,  and  fourth  premolars  of  the  adult  jaw. 

The  length  of  the  crown  of  dm'^       ;  of         pm-. 

is  I'OTin.      „  l*10in. 

dm^  pm^ 


»  >t 


„  „  dm*  pm*. 

The  individual  teeth,  therefore,  correspond  in  length  as  nearly  as 
possible. 

The  height  of  the  crown,  measured  from  the  alveolar  margin 

of         pm""' 


to  its  highest  point,  of 

dm" 

• 
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Thus  the  crowns  of  the  grinding  teeth  of  the  adult  are  all  not  only 
absolutely  higher  than  those  of  the  young,  but,  relatively,  they  are 
much  higher.     The  vertical  striao  on  the  enamel  are  also  more 
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coarse,  and  ibe  cingulura  which  sarronnd*  Ihe  whwlo  Ii*m  of  the 
cruwn  U  stronger  in  the  ailult. 

Tho  pnttaros  of  the  crowns  of  the  milk  molars  preeont  the  oloeeat 
reBemblftnco  to  those  of  the  crowns  of  the  corresponding  premolnrs. 
The  anterior  division  of  the  crown  of  dm',  however,  is  more  nearly 
straight  than  that  of  the  crown  of  pm',  so  that  dm^  departs  nure  from 
the  bicresoentic  pattern  than  pm'  does.  The  sharp  bockwardly 
directed  ridge  (Plate  VI.,  Fig.  A,  a)  upon  the  onter  face  of  the  an- 
terior diviBJon  of  this  tooth,  which  takes  the  place  of  the  rounded 
and  convex  surface  of  the  anterior  crescent  of  the  other  teeth,  appears 
to  be  somewhat  more  marked  in  the  milk  than  in  the  permanent 
tooth.  I  can  discern  no  differences  of  more  than  individual  volne 
between  the  other  milk  teeth  and  those  permanent  teeth  which 
replace  them. 

In  the  adult  dentition,  the  hindermost  molar  has,  as  in  all  other 
Palteotherian  mammals,  a  ttrong  posterior  lobe,  with  a  convex  onlet 
and  concave  inner  aspect  It  is  OTiti.  long,  or  nearly  a  third  as  long 
as  the  whole  crown,  which  measures  2-2in. 

Tho  milk  dentition  of  the  Rhinooerosea  and  of  the  Horses  is,  at  one 
period,  in  a  condition  which  exactly  ooiTOsponds  with  that  of 
Falaolherium  magnum.  That  is  to  say,  the  three  posterior  milk  molara, 
dm',  dm',  dm',  are  in  place  and  ready  for  use,  wliile  dm'  remains  in 
its  alveolus,  and  is  only  out  very  much  later. 

The  foal  differs  from  the  yoiing  PaUtetkerlam  in  the  len^h  of  the 
crown  of  dm',  which  is  as  great  as,  if  not  greater  than,  that  of  the 
crowns  of  the  other  two  milk  molars ;  in  the  greater  distance  of 
the  alveolus  of  dm'  from  dm',  and  in  tho  much  greater  length  of  the 
diastema. 

In  the  Rhinoceroses  on  the  other  hftnd(e.g,  Kh.  tndicas)  dm'  is  smaller 
in  proportion  to  dm'  than  in  tho  Palteolheriam,  and,  if  there  were  a 
canino  tooth,  the  diastema  would  he  as  short  as  in  tho  latter. 

In  the  form  of  the  nimus  the  Horse  liea  between  the  PalcEolkerivm 
and  the  Rhinoceros. 

It  follows,  from  what  haa  been  stated,  the  rule  which  has  been  laid 
down  for  the  Ungulaia  in  general,  that  tho  crown  of  tho  last  milk 
molar  in  the  lower  jaw  alwnyfi  remembles  that  of  the  bisl  tnie  moliir, 
does  not  hold  good  for  Palteollieriwn.  The  genas  i^oIopIol&erttiM  was 
founded  upon  the  supposition  that  it  did,  and  Pictet  in  the  following 
passage  very  properly  bases  the  distinctness  of  Paloploiheriwn  from 
Flaifiolophus,  only  on  the  ground  that  Patuphlherium  is  asserted  to 
have  no  third  lobe  to  its  posterior  lower  molar. 

n  resulte  de  U  : — 1,  Que  le  P.  minus  at  le  P.  anneeteiu  Be  resaem- 
hlent  par  tout  Tensemble  de  leur  dentition,  et  qu'ila  different  par 
pliisieurs  points  essentiels  des  vrais  PalcBotheritim. 

2.  Qu'ila  se  distinguent  cependant  I'un  de  I'autre  pa^  la  forme  de 
la  demi^re  molaire  inferieure,  que  est  k  trois  ooUinea  dans  le 
premier  et  k  deux  dans  le  dernier. 

3,  Que  le  i*.  annectene  doit  en  consequence  former  nn  eons  genre 
special  qui  conserverait  le  nom  de  Paloptothertum,  donn6  par  M. 

Owen,  et  qae  le  P.  minus  est  le  type  d'an  autre  bods  genre  trte 
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Toisin,  mais  distinoty  anquel  doit  ^tre  attribue  le  nom  de  Plagtolophus, 
Pomel.> 

The  first  volume  of  Piotet's  "  Paleontologie  "  was  published  in 
1853.  The  "Memoire"  from  which  the  extract  just  quoted  is 
giyen,  appeared  in  1855 ;  so  that  if  M.  Pictet  rectified  the  character 
of  Palcplotherium  in  the  former  year,  he  rectified  his  rectification  in 
the  latter. 

As  the  originator  of  the  error  by  which  Pictet  was  misled  now 
admits  (what  was  very  well  known  before)  that  the  genus  Palop- 
lotkerium  was  founded  upon  a  mistake,'  of  course  it  disappears  from 
zoological  nomenclature,  imless,  indeed,  it  be  retained  for  M. 
Graudy's  P.  codictenae,  which  is  very  different  from  Playiolophus, 

Mmrch,  21,  1870. 

EXPLANATION  OP  PLATE  VI. 
The  right  ramus  of  the  mandible  of  a  young  PalcBotherium  magnum^  of  the  natural 
size,  with  three  milk  molars.     From  the  Eocene  of  Yaucluse. 

A.  Viewed  from  the  outer  side. 

B.  I'he  crown  of  the  teeth  seen  from  above. 

C.  Viewed  from  the  inner  side. 


IV. — ^NOTBS  ON  THE  TsBTIARY  EnTOMOSTEAOA  OF  ENGLAND. 
By  Prof.  T.  Rvpset  Jonbs,  P.O.S.,  of  the  Royal  Military  College,  Sandhurst. 

rthe  February  number  of  the  Qeologtoal  Magazine  is  a  revised 
liflt  of  the  Cretaceous  Entomostraca,  described  and  figured  in 
my  PaL  Soc.  Monograph  of  1849 ;  and  I  now  propose  to  offer  a 
levision  of  the  Tertiary  Entomostraca  published  in  my  Pal.  Soo. 
Monograph  of  1856.  The  general  observations  on  the  subject 
offered  in  February  will  hold  good  in  this  instance  also.  A  cor- 
rected list  of  the  generic  and  specific  names  is  appended ;  and  to 
this  the  numbers  in  the  following  notes  refer. 

No.  1.  Mr.  G.  S.  Brady  has  pointed  out  (Monogr.  Eecent  Brit. 
Ostrac.,  Trans.  Linn.  Soc,  vol.  xxvi.,  1868,  p.  382)  that  this  must  be 
the  ^me  as  Candona  compressa,  Eoch,  sp. 

No.  3.  Mr.  Brady  {op.  cit,  p.  374)  refers  this  to  Miiller's  Oypris 
Utvis. 

No.  6.  This  is  a  Cyprta  according  to  Mr.  Brady  (op.  cit.  p.  370). 

Nos.  6  and  7.  These  were  referred  to  Candona^  on  account  of 
their  general  agreement  in  shape  and  lucid  spots  with  the  foregoing 
(No.  5)  ;  but,  like  it,  they  may  really  belong  to  Cypris. 

No.  9.  Mr.  Brady  finds  this  living  in  the  British  Seas  (op.  dt  p. 
408). 

No.  10.  Mr.  Brady  has  taken  great  trouble  with  this  species.  He 
believes  it  to  be  a  true  Cytheridea  ;  and  he  regards  the  smooth  form 
(Monogr.  Tert.  Entom.  pi.  2,  fig.  \e)  as  belonging  to  a  different 
species  (C.  liitoralis).  There  has  been  much  confusion  in  the 
nomenclatare  of  this  species,  which,  with  some  allies,  has  been  found 
in  several  localities ;  out  Mr.  Brady  has  done  much  to  clear  up  the 

1  Mdmoire  mir  les  Animaux  Yert^hr^s  trouv^s  dans  le  Terrain  siderilitiqao  du 
canton  de  Yaud  (p.  86). 
*  8m  the  last  number  of  the  Omolootcal  Magazine,  p.  143. 
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difficulties  (''On  the  Crustacean  Fauna  of  the  Salt-marshes,"  eto^ 
Nat.  Hist.  Trans.  Northumb.  and  Durham,  1868,  p.  7).  Mr.  Brady 
has  detected  C,  lacustrU  (Sars)  also  among  the  specimens  from 
Grays. 

No.  11.  Owing  to  the  x)Oome88  of  the  published  figures  of  the 
Qerman  specimens,  my  friend  Mr.  Brady  is  unwilling  to  accept 
Mtinster's  appellation  for  the  Cythere  represented  by  me  under  tlas 
name  of  **  punctata,**  and  refers  it  (op.  cit,  p.  401)  to  Cythere  con^ 
vexa,  Baird.  For  my  part,  however,  I  think  "we  shall  not  err  in 
retaining  the  old  name.  Cypridina  punctatella.  Ess.  (Cythere 
punctatdla,  Bosq.),  referred  to  in  the  synonomy  at  p.  24  of  my 
Monograph,  belongs  to  Loxoconcha,  according  to  Mr.  Brady. 

No.  13  is  doubtless  a  Cytheropteron,  Sars  (Brady,  op.  cit.  p.  447). 

No.  14.  This  has  the  hinge-characters  of  Loxoconcha.  It  is  from 
the  Headon  series  (Upper  Eocene  Series)  of  Colwell  Bay. 

No.  17.  This  has  the  shape  of  a  Oytherura,  Sars  (Brady,  op.  cit.  p. 
439). 

No.  18.  The  doubt  with  which  this  was  referred  to  Beus's  C. 
Koatelensis  was  confirmed  when  a  better  figure  of  that  species  was 
published  by  Egger.  I  proj>ose  to  call  the  Woolwich  specimen  C. 
amissa.     Its  generic  relationship  is  doubtful. 

No.  21.  Brady's  Cythere  mutabilia  (Trans.  Zool.  Soa,  1866,  p.  377, 
pi.  69,  fig.  14),  a  British  recent  form,  is  near  to  this. 

No.  23.  My  name  for  this  cannot  stand,  as  another  and  somewhat 
similar  species  has  been  so  called  by  Eeuss.  I  propose  aublacunosa 
as  a  fitting  name  for  the  Suffolk  species  ;  indeed,  this  was  the  term 
intended,  as  I  find  by  my  old  notes.  This  form  has  many  allies ;  for 
instance,  some  recent  Norwegian  specimens  are  mentioned  in  my 
Monograph  (p.  31)  as  being  of  the  same  species;  and  these  have 
been  referred  by  Mr.  Brady  (who  at  first  thought  them  to  be 
varieties  of  Reuss's  C.  clathrata  and  C.  lyrata,  and  Speyer's  C. 
latimarginata)  to  Sars'  C.  anguiata,  ahyssicola,  and  tvberculata  (op. 
cit.  pp.  406,  409,  and  letters). 

No.  26.  C.  plicata  is  found  abundantly  in  the  Upper  Eocenie  of 
Colwell  Bay ;  and  its  variety  laticosta  is  plentiful  in  the  Middle 
Eocene  of  Barton  and  Highcliff. 

No.  28  is  from  the  Upper  Eocene  of  the  Isle  of  Wight. 

No.  30.  C.  limicola,  Sars  (Brady,  op.  cit.  p.  405)  is  the  recent 
Norwegian  representative  of  C.  trachypora,  referred  to  in  my 
Monograph,  p.  36. 

No.  31.  Brady's  Cythere  emaciata  (op.  cit.  p.  414),  from  the 
British  Coasts,  is  a  close  ally  of  this  form. 

No.  32.  Near  to  this  is  C.  bicostulata,  Speyer  (Ostrac.  Cassel.  Tert 
1863,  p.  27,  pi.  3,  fig.  6) ;  but  it  has  the  more  pronounced  features 
of  a  stronger  form. 

No.  36.  Mr.  Brady  {op.  cit.  p.  418)  merges  this  in  the  recent 
British  species,  C.  Jonesii,  of  Baird,  published  about  the  same  time  as 
Bosquet's  Memoir. 

No.  37  is  from  the  Upper  Eocene  of  the  Isle  of  Wight,  and  the 
Middle  Eocene  of  Bracklesham. 
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No.  41.  Hub  has  been  found  living  in  the  Noitb-British  seas  by 
Mi.  Brady,  op.  ciL  p.  428. 

No.  42.  lluB  species  is  noted  aboTO,  p.  74,  No.  1.  There  are 
several  forms  of  this  kind,  besides  the  two  varieties,  insigmU  and 
glabra,  from  the  London  Clay  (Monograph,  p.  46);  such  as  C 
fmuAaieUa,  Bomemann,  Zeitsch.  vii.  (1855),  p.  360,  pL  21,  fig.  2, 
and  C.  inerassata,  Bosq.,  Ent.  Tert.,  p.  44,  pi.  3,  fig.  11. 

No.  45.  This  is  a  doabtfhl  species.  It  may  be  the  young  of  the 
next. 

No.  46.  This  curious  species,  or  one  extremely  like  it,  has  turned 
up  in  specimens  given  to  me  by  the  late  Dr.  Mantell,  as  coming 
firom  the  Oxford  Clay  of  Wiltshire,  and  also  in  the  Oxford  Clay  of 
Skye,  collected  by  Messrs.  Qeikie  and  Toung,  and  there  associated 
with  Estheria,  Its  generic  characters  are  doubtful.  If  its  fresh- 
water habitat  in  the  Hempstead  series  be  a  criterion,  it  ix)ints  to 
more  freshwater  or  estuaiine  conditions  in  the  Oxfordian  series  than 
are  usnaUy  thought  of. 

No.  47.  This  has  been  found  receut  in  the  Atlantic  at  many  places 
by  Mr.  Brady  (op.  eit,  p.  435),  and  proves  to  be  a  Loxoconeha,  Sars. 
No.  48.  This  may  be  a  Cythere  ;  it  is  not  a  true  Cytherideia, 
No.  49.  This  is  a  living  Atlantic  species,  and  Mr.  Brady  (op.  eii. 
p.  432)  refers  it  to  Ilyobaies,  Sars. 

No.  50.  According  to  Mr.  Brady,  Miiller's  C,  fiavida,  differs 
materially  from  this  kind  of  form.  Nor  will  the  Crag  species  suit 
with  Cytherideis  subulata,  Brady,  which  is  represented  (op.  cit.  p. 
454,  pi.  35,  fig.  43-46)  as  the  species  termed  C,  flavida  by  Dr. 
Baird.  I  therefore  propose  a  new  name  (C.  hotelUna)  for  the  Crag 
species,  referring  it  to  Cyihere.  The  references  to  Kecent  and  Upper 
Eocene  specimens,  at  p.  50  of  the  Monograph,  "will  not  hold  good. 
No.  51.  The  genus  is  not  well  substantiated. 
No.  52.  Mr.  Brady  has  suggested  that  we  have  not  the  real  B. 
Bubdeltoidea  in  the  forms  figured  in  the  Monograph ;  and  it  is  quite 
possible  that  he  is  right.  The  Crag  form,  pi.  4,  figs.  2  and  3,  is  very 
much  like  his  JB.fusca  (Trans.  Zool.  Soc.  186G,  p.  364,  pi.  57,  fig. 
9),  from  Australia  ;  and  the  specimens  from  the  London  Clay,  pi.  6, 
figs.  1  and  2,  are  like  his  B.  formosa  (Ann.  Nat.  Hist.  ser.  4,  vol.  ii., 
p.  221,  pi.  14,  figs.  5-7)  from  Tenedos ;  but  still  more  closely 
correspond  with  subtrtgona,  Bomemann  (Zeitsch.  Geol.  Ges.  vol  vii., 
p.  357,  pi.  20,  fig.  4),  from  the  Oligocene  Septarium-clay  of 
Hermsdorf. 

No.  54.  Described  as  Cytherella  compresaa  and  varieties.  These  may 
either  belong  to  that  species,  or  be  separate  species,  namely  C, 
Jabacea,  Beyrichii  (Rss.),  and  intermedia  of  Bomemann.  Figs.  21 
and  23  fairly  correspond  with  his  figure  of  C.  fabacea ;  fig.  18  is 
decidedly  C.  Beyrichii  (Bss.  sp.) ;  and  fig.  19  has  a  strong  resemblance 
to  his  C.  intermedia,  and  Brady's  C,  Scotica  (op,  cit.  p.  473,  pi.  34, 
filgB.  18-21)  is  very  near  it.  The  Cytherella  require  synoptical 
revision  and  perfect  figuring  of  all  their  varieties.  The  species 
«eem  to  have  considerable  variations. 

No.  56.  Fig.  12  may  be  separated  as  var.  rectipunctcUa. 
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The  foUowiDg  is  a  corrected  list  of  the  Tertiaxy  Bivalved  Ento- 
moBtraca  of  England : — 


Old  Names. 

1.  O^pris  tetigera^  Jcmet. 

2.*      „  „        Yar.  tumida, 

2.  „     Broumiana^  Jones. 

3.  ,1     ovum^  J  urine. 

4.  ,1     gibba,  Ramdohr. 
6.  Candona  reptana,  Baird. 

6.  „     Forbesii,  Jones. 

7.  ff     Jtiehardmnl,  Jones. 

8.  „     Candida^  Mliller,  sp. 

9.  ,,  ?  subaqualis,  Jones. 
10.  Cyprideia  toroaa,  Jones. 


11.  Cythere  punctata,  Miinster. 
irigonula,  Jones. 
trianguiaris,  Jones. 
Wethereliii,  Jones. 
alriatoptitietata,  Roemer,  sp. 
eonsobrina,  Jones. 
attenuata,  Jones. 
Ko8telenais{>),  Beoss,  sp. 
eoncinna^  Jones. 
Wooiliana^  Jones. 
laqueata^  Jones. 
dietyoaigma,  Jones. 
lacunosa,  Jones. 
aeabropapuloaa,  Jones. 
eoatellata,  Roemer,  ep. 
plieaia,  Miinster. 

,,       var.  laticoata, 
aerobieuloplicatOj  Jones. 

„  var.  recta, 

angulaiopora,  Reuss,  sp. 
macropora^  Bosquet. 
trachypora^  Jones. 
retifastigata^  Jones. 
apheerulolineata,  Jones. 

33.  (^ihereia  aenilia,  Jones. 

34.  I,     Bowerbankianay  Jones. 

35.  ,1      horreicena^  Bosquet,  sp. 

36.  ),      cerat(ptera^  Bosquet,  sp. 

37.  )i     eomuta^  Rocnier,  sp. 

38.  Cytheridea  Muelleriy  Miinster,  sp. 


12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

26.* 

27. 

27.* 

28. 

29. 

30. 

81. 

32. 


»» 

91 
}> 

» 

)» 
>» 
»» 
» 

»» 
}) 

)) 

99 
9* 
>» 


>» 


var.  intermedia, 
„         Tar.  toroaa, 
debility  Jones. 
pinguiay  Jones. 
SorbyanOf  Jones. 
perforata f  Roemer,  sp. 
var.  insignia. 
var.  glabra, 

43.  Oytharideia  trigonaliaf  J onea, 
43.*     ,»  „  yar.  Unia, 

44.  ,y     tubereulata,  Jones. 
46.        „     uniaulcata^  Jones. 


38.* 

38.»* 

39. 

40. 

41. 

42. 

42.* 

42.  •• 


>» 
» 

)9 
»l 
»» 


Naxm  how  Adoftsd, 

Candona  eompreaam,  Koch,  sp. 
Cypria  BroumianOf  Jones. 

„  yar.  fmwirfs. 

2imi,  Mailer. 
gibba,  Ramd. 
raptana,  Baird,  sp. 
Candona  ?  Forbeaii,  Jones, 
y,  ?  iSftcAanbont,  Jones. 
„     Candida,  Mixller,  sp. 
„   ?  aubitguaiia,  Jones. 
Cytharidaa    toroaa,    Jones,     sp. ; 

Cytheridea  littoralia{}),  Brady. 
C^thera punctata,  Miinster. 

„     trigonula,  Jones. 
C^^A^ropffron  triangulare,  Jones. 
Zoxo«oii«Aa  Wethertllii,  Jones. 
(^<A«rtf  atriatopunetata,  Roemer»  sp. 

„     conaobrina,  Jones. 
Cj^/Atfr«ra  attenuata,  Jones. 
tythera}  amiaaa,  Jones  (1870).^ 
CyM^tf  0oiitftftmi,  Jones. 
Woodiana,  Jones. 
laqueeUa,  Jones. 
dietyosigma,  Jones. 
aublaeunoaa,  Jones  (1870). 
acabropapulosa,  Jones. 
eoatellata,  Roemer,  sp. 
plieata,  Miinster. 

„      yar.  laticoata, 
acrobieuloplicata,  Jones. 

}}  yar.  r^^a. 

angulatopora,  Reuss,  sp. 
tnaeropora.  Bosquet. 
traehypora,  Jones. 
retifaatigata,  Jones. 
aph(Brulolineata,  Jones. 
aenilia,  Jones. 
Bowcrbaukiana,  Jones. 
horreacena.  Bosquet. 
eeratopterOt  Bosquet. 
comuta,  Roemer,  sp. 
Cytheridea  Muelleri,  Miinster,  sp. 

„         yar.  intermedia, 
„         yar.  toroaa, 
dehilia,  Jones. 
pinguia,  Jones. 
Sorbyanay  Jones. 
perforata,  Roemer,  sp. 
„  var.  inaignia, 

„  var.  glabra. 

Cytherideia  trigonalia,  Jones. 

,}  var.  kevie, 

tubareulatay  Jones. 
?  uniauleata,  Jones. 
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^  The  date  "  1869"  appended  to  the  new  names  in  the  Tahle  at  pages  76  and  7 
should  be  corrected  to   *U870/'    as   the  paper  was  printed  in  this  year,  thongi 


written  some  months  ago. 
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Old  Najum. 

)ft1iirideU  tmieomit,  Jones. 

tawtarindutf  Jones. 

GUweUennt,  Jones. 

BwUmmtU^  Jones. 

Jlamda^  Miiller,  sp. 

r#n,  Jones. 
$mvdia  mbdtlloidea,  Munster,  sp. 


n 
n 

n 


„     eontraetOy  Jones. 
TythgreUa  eomprsasa,  Mttnster,  sp. 

,,  ,.  Yar.  Beyriehii, 

*  „  y,         Tar.  inUrmtdia, 

„     Zondinisnns,  Jones. 

„     Muenttfrif  Boemer,  sp. 


Nambs  mow  Adopted. 

CytherideU  ?  »ntA>rMi«,  Jones. 
Loxoconeha  iamarindiUf  Jones,  sp. 
Cythere  ?  Oolwdlensi$y  Jones. 
IlyobaUt  BartoMmtii,  Jones,  sp. 
Cythert  boUllintty  Jones,  (1870). 
CjftherideU  }  rgn,  Jones. 
Bairdiajvsea[})j  Brady  :  and  JB.  mbtri' 

gona^  Bornemann. 
Bairdia  eontraetOy  Jones. 
CythtreUa  eompretsOy  Miinster,  sp. 

Beyriehii,  Beuss,  sp. 

intermedia,  Bornemann. 

LondiniensiSy  Jones. 
„     Mueneteri,  Roemer,  sp. ;  and  yar. 
reetipunetatOy  Jones  (1870). 


\ — On  thx  Basaltio  Books  of  thb  Midland  Coal-fiblds. 

By  Samubl  Allpobt,  F.6.S. 

the  Qeologioal  Magazine  for  March  last,  Vol.  VI.,  p.  115, 1 
gave  a  short  account  of  the  discovery  of  Olivine  and  its  pseudo- 
phs  in  the  igneous  rocks  of  the  South  Staffordshire  Coal-field, 

as  I  have  since  then  made  a  microscopical  examination  of 
ilar  rocks  from  the  surrounding  district,  I  am  induced  to  offer 
following  observations. 

t  has  been  long  known  that  igneous  rocks  occur  in  the  Coal- 
is  of  the  Midland  Counties  ;  they  have  been  called  "  Basalts"  and 
reenstones"  by  the  officers  of  the  Geological  Survey,  but  as  no 
3unt  has  hitherto  been  given  of  their  mineralogical  composition, 
AS  been  uncertain  whether  they  should  be  referred  to  the  augitio 
aomblendic  groups,  or  if  they  differed  from  each  other  in  this  re- 
ct-     On  referring  to  the  maps  of  the  Survey  it  will  be  seen  that 
jntinuous  belt  of  Coal-measures  extends  for  about  30  miles  in  a 
iherly  direction,  from  the  Abberly  Hills  in  the  south,  as  far  as 
leshall  Hill,  seven  miles  north-east  of  Wellington. 
rhe  southern  portion  forms  the  Forest  of  Wyre  Coal-field,  and  the 
them  the  Shropshire  Coal-field.      In    the  map   containing  the 
mer  there  is  a  mass  of  so-called  **  Greenstone"  at  Kinlet,  and 
ither  long  band  at  Shatterford  ;  also  a  mass  of  "  basalt"  capping  a 
•t  of  the  Clee  Hills.     In  the  northern  part  of  the  district  there  are 
»wn  several  masses  of  "  basalt"  in  the  Carboniferous  rocks,  lying 
,ween  Wellington  and  Coalbrookdale.     Tlie  mass  marked  "  Green- 
ne,"  forming  the  ridge  of  the  Wrekin,  together  with  the  larger 
88  to  the  north-west,  belong  to  a  totally  different  class  of  rocks, 
e  other  localities  from  which  I  have  collected  specimens,  are  the 
bitwick  Colliery,  near  Coalville,  in  Leicestershire,  and  the  neigh- 
irhood  of  Matlock,  in  Derbyshire. 

A.  microscopical  examination  of  thin  sections,  made  from  carefully 
acted  specimens,  clearly  shows  that  all  the  above  rocks  belong  to 
3  same  species ;  they  do  not  in  fact  differ  more  from  each  other 
m  different  portions  of  any  one  of  them,  all  being  composed  of  the 


160  S.  Allport — On  the  Midland  Basaltic  Bods. 

following  constituent  minerals — ^Triclinic  felspar,  probably  Labra- 
dorite  (but  wbicb  has  not  been  positively  determined) ,  Angite, 
Titano-feiTite,  or  magnetic  oxide  of  iron,  Olivine,  and,  very  generally, 
long  bexagonal  crys^s  of  Apatite. 

In  addition  to  these,  the  following  minerals  occur  more  or  leas 
frequently,  as  secondary  formations  filling  cavities ;  Calcite,  a  brown 
Zeolite,  and  a  green  chloritic  mineral ;  the  latter  sometimes  filling, 
at  others  merely  lining,  the  minute  cavities,  the  central  portion  in 
this  case  being  Calcite. 

The  felspar  usually  occurs  in  rather  long  prisms,  showing  the 
characteristic  striae  when  viewed  by  polarised  light ;  the  augite  is 
frequently  well  crystallized,  and  contains  many  glass-cavities ;  the 
iron  oxide  occurs  in  minute  grains,  or  as  thin  plates  ;  and  the  Olivine 
as  crystals  or  irregular  gi*ains.  As  stated  in  my  previous  communi- 
cation, the  Olivine  almost  invariably  occurs  as  a  pseudomorph ;  there 
is,  however,  no  difficulty  in  detecting  it,  as  it  frequently  retains  the 
characteristic  crystalline  form,  and,  even  when  in  irregular  grains, 
the  peculiar  veined  appearance,  and  irregular  play  of  colours  when 
examined  by  polarized  light,  are  decisive  as  to  its  character.  I  have, 
however,  been  again  successful  in  finding  specimens  containing  the 
mineral  in  various  stages  of  alteration. 

In  South  Staffordshire  the  igneous  rocks  present  two  varieties ;  one 
is  a  hard  greyish-black  basaltic  rock,  with  a  conchoidal  fracture, 
sometimes  perfectly  columnar,  as  at  Pouk  Hill,  near  Walsall ;  the 
other  is  locally  known  as  "  Green  rock,"  and  differs  only  from  the 
former  in  that  it  contains  a  larger  proportion  of  a  green  chloritio 
mineral,  which  ia  evidently  a  secondary  formation.  It  is  a  clear  green 
when  fresh  broken,  but  turns  blackish  on  exposure.  This  "  Green 
rock"  occurs  in  sheets  between  the  Coal-measures,  and  has  under- 
gone a  greater  amount  of  alteration  than  the  more  massive  portions 
of  the  rock ;  usually  it  is  not  so  hard,  and  Carbonate  of  Lime  and 
Zeolites  are  more  frequent. 

The  rock  from  Coalville  presents  precisely  the  same  characters, 
and  is  especially  interesting,  as  it  contains  Olivine  in  different 
stages  of  alteration.  In  this  locality  the  basalt  lies  on  the  upper 
seam  of  coal,  which  is  said  to  bo  altered  ;  it  is  itself  covered  by  un- 
disturbed and  unaltered  new  Red  Sandstone. 

The  mass  of  **  Basalt"  at  Little  Wenlock,  three  miles  south  of 
Wellington,  is  also  precisely  of  the  same  character ;  a  thin  section 
shows  several  pseudomorphs  after  Oli\'ine,  in  some  of  which  the 
change  is  not  complete ;  and  also  examples  of  the  chloritic  mineral 
filling  up  spaces  between  the  crystals  of  felspar  and  augite. 

The  rock  in  Arley  Wood  near  Shatterford  is  a  fine  grained  black 
basaltic  rock,  a  section  of  which  contains  a  perfectly-formed  crystal 
of  altered  Olivine. 

The  "  Basalt"  capping  the  Titterstone  Clee  Hill,  contains  Olivine 
nearly  unaltered,  and  well  formed  crystals  of  Augite.  This  rock  is 
quite  undistinguishable  from  specimens  from  Rowley. 

The  well-known  Toadstone  of  Derbyshire  is  an  amygdaloidal 
variety  of  the  same  kind  of  rock ;  it  is  regularly  interbedded  with  the 
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OMrboniferons  Limestone,  and  was  evidently  a  contemporaneous  lava- 
Btream,  partly  sooriaoeons,  and  partly  of  a  compact  basaltic  structure. 
(Generally  the  cavities  have  been  filled  with  carbonate  of  lime  or 
other  minerals,  thus  forming  an  amygdaloid ;  other  specimens,  how- 
ever, have  empty  cavities,  and  are  as  vesicular  as  recent  lavas.  A 
specimen  taken  from  the  tunnel  through  the  High  Tor  at  Matlock, 
is  quite  nndistinguishable  from  the  Staffordshire  rocks,  and  contains 
a  considerable  proportion  of  Olivine. 

With  respect  to  the  precise  age  of  these  rocks,  there  is  no  satis- 
&ctory  positive  evidence,  except  in  Derbyshire,  where  they  clearly 
alternate  with  the  Carboniferous  Limestone,  but  there  is  a  considerable 
amount  of  negative  evidence  to  show  that  all  are  probably  contem- 
poraneous with  the  Coal-measures  as  a  whole. 

In  South  Staffordshire  the  "  Green  Bock  "  runs  very  regularly  for 
considerable  distances  between  the  same  seams  of  coal  or  shale,  but 
oooasionally  penetrates  higher  beds,  or,  may  be,  has  descended  from 
higher  to  lower.  In  such  cases  the  rock  is  clearly  intrusive,  but  the 
distorbenoe  is  confined  to  a  portion  only  of  the  Coal-measures,  and 
in  some  pits  the  singular  intermixture  of  coal  or  shale  with  the  trap, 
at  once  suggests  the  idea  that  the  igneous  matter  was  intruded 
before  the  consolidation  of  the  beds.  No  igneous  rock  has  yet  been 
found  in  the  lowest  beds  of  coal  or  ironstone,  or  in  the  underlying 
Upper  Silurian  Bocks.  In  other  words,  there  is  no  evidence  to 
show  that  it  has  been  intruded  from  below  in  this  district^  nor  am  I 
aware  of  any  which  proves  it  to  have  been  injected  subsequently  to 
the  completion  of  the  entire  Carboniferous  series. 

'  As  the  small  Coal-fields  of  the  district  are  surrounded  on  all  sides 
by  rocks,  of  Permian  or  Triassic  Age,  in  which  no  intrusive  rocks 
are  to  be  found,  there  can  be  no  reasonable  doubt  that  the  basaltic 
rooks  now  described  are  at  least  Ante-permian,  and  that  probably 
they  belong  to  the  Carboniferous  period  itself.  That  it  was  a  period 
of  great  igneous  activity  is  certain,  from  the  facts  so  well  brought 
out  by  Mr.  Giekie  and  other  Scottish  geologists,  and  as  there  is  now 
no  doubt  as  to  the  identity  in  composition  of  all  these  rocks,  the 
greater  part  of  them  may  well  have  been  derived  from  the  same 
■oorce,  for  the  now  detached  Coal-fields  are  probably  but  the  frag- 
ments of  one  of  far  greater  extent. 

It  will  be  seen,  from  the  description  now  given,  that  these  rocks 
correspond  in  every  respect  to  those  known  by  the  various  names  of 
Trap,  Basalt,  Anamesite,  Dolerite,  Melaphyr;  the  term  basalt  is, 
however,  now  restricted  by  some  to  rocks  of  Tertiary  or  Becent  age ; 
a  distinction,  I  think,  to  be  deprecated,  as  no  sharp  line  can  be 
^wn  between  Tertiary  and  Pre-tertiary  rocks.  There  is  evidently 
no  other  difference  between  the  Tertiary  and  the  older  basaltic  rocks 
than  that  produced  by  the  subjection  of  tKe  latter,  during  enormous 
periods  of  timei,  to  the  chemical  action  of  water  holding  various 
substances  in  solution,  and  modified  in  many  cases  by  heat  and  pres- 
•ure.  In  this  respect*  iho  occurrence  of  Olivine  and  its  pseudo- 
morphs  is  especially  interesting,  for,  till  quite  recently,  this  mineral 
has  been  regarded  as  characteristic  of  the  younger  basaltB*.  ^^\vak^^ 
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seen,  however,  that  it  is  present  as  a  oonstitaeiit  of  the  older  zocks, 
and  its  generally  altered  state  is  one  of  several  proofs  of  the  Ghamioal 
and  molecular  changes  which  have  been  produced. 

Whether  these  rocks  should  be  called  Basalt,  Dolerite,  or  Melaphyr, 
I  leave  others  to  decide ;  but  woidd  again  repeat,  that  we  shall  have 
no  satisfactory  nomenclature,  or  classification  of  rocks,  till  the  mi- 
croscope is  as  much  used  by  petrologists  as  it  has  long  been  by 
workers  in  every  other  branch  of  Natural  History. 

In  the  Warwickshire  Coal-field  igneous  rocks  also  oocnr  in  the 
lower  beds  of  the  series ;  they  differ  considerably,  however,  from 
those  now  described,  and  require  a  separate  notice. 


I 


YI. — NOTS   ON   THE   MiDDLB   DbIFT-BEDS  IK   ChBSHIBX. 

By  J.  E.  Tatlok,  F.G.S. 

THE  valuable  paper  by  Professor  Harkness  on  the  Middle  Drift 
deposits  of  Great  Britain  does  not  include  a  notice  of  their 
occurrence  in  Cheshire.  About  six  years  ago,  a  paper  of  mine  on 
this  subject  was  published  in  the  Beports  of  the  Geological  Sociely 
of  Manchester.  I  revert  to  it  again,  inasmuch  as  the  only  locality 
little  dwelt  on  by  Professor  Harkness  bears  out  so  thoroughly  the 
chief  peculiarity  about  the  beds  in  question. 

The  great  flat  plain,  in  the  centre  of  which  stands  the  populona  and 
industrious  town  of  Crewe,  is  underlain  by  sands  and  gravels  of 
Middle  Drift  age.  The  higher  portions  of  the  knolls  (they  cannot 
be  called  hills)  are  generally  capped  by  a  fine  Boulder-clay.  There 
are  few  sections  exposed  in  the  neighbourhood  of  Crewe,  but  when  I 
lived  in  that  neighbourhood  several  wells  were  dug,  of  which  I  kept 
a  careful  account  Before  giving  an  account  of  one  of  the  principal 
of  these  well-borings,  let  me  notice  the  great  abundance  of  CkaXk 
fiinU  in  the  gravels.  These  are  so  great  that  pits  are  opened  in 
many  places  for  road-mending  purposes.  At  Barthomley,  about 
three  miles  to  the  south-east  of  Crewe,  there  are  several  of  these  pits* 
each  characterized  by  the  abundance  of  genuine  flints,  although  Chalk 
strata  are  so  far  removed.  In  the  paper  above  mentioned  I  suggested 
that  the  origin  of  these  flints  might  be  the  Irish  Chalk.  In  most  oases 
they  are  well  rounded,  except  where  local  fracture  has  split  them  up. 
The  following  is  a  list  of  beds  passed  through  in  the  sinking  of 
a  well  for  cottage  purposes.  The  thinness  of  some  of  the  beds  is 
indicative  of  their  shallow- water  origin,  as  well  as  perhaps  of  their 
local  extension.  But  as  this  is  a  feature  in  the  Middle  Drift  sands, 
as  far  as  I  have  been  an  observer,  it  is  not  worth  while  to  state  mora 
than  that  I  believe  the  following  to  be  a  good  typical  section  of  the 
Cheshire  sands : —  fbkt. 

Band  (current-bedded) ,    .    •    ,    21 

Fine  Gravel  (with  riiells) 8 

OchreooB  Sand 8 

Shelly  GraTel 8 

Fine  Clay 8 

Stiff  Clay,  with  pebbles  and  Bhells 80 

Brick  Earth 8 

Totid — 

76 
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The  layor  of  fine  gravel  beneath  the  faLse-beddod  sand  was  asto- 
nishingly rich  in  shells,  most  of  which  were  fragmentary.  Scarcely 
a  handful  could  be  taken  up  without  observing  them.  Amongst 
them  I  identified  the  following: — Cardium  edule  (abundant),  Tellina, 
Maclra,  Mytilus,  Buceinum  undatum,  and  Turritella  terebra.  The  stiff 
day  with  pebbles  was  scarcely  less  rich  in  shelly  fragments;  only  here 
the  univalves  were  rare.  It  will  be  seen  that  these  species  are  those 
oommonly  found  in  the  Middle  Drift  sands,  and  tlie  occurrence  of 
chalk  flints  in  such  abundauce,  so  far  away  from  an  outcrop  of  chalk 
BtratOy  indicates  some  long-continued  and  general  action. 


Vll. — Geology  of  the  Line  op  the  Gbeat  Pacific  Bailroad. 

THE  following  interesting  communication  relating  to  this  wonder- 
ful line  of  Railway  (forming  part  of  a  letter  from  F.  B. 
Meek,  Esq.,  of  the  Geological  Survey  of  Illinois,  U.S.A.,  to  Br.  J. 
J.  Bigsby,  F.B.S.,  author  of  the  Thesaurus  Siluricus),  has  been  for- 
warded to  us  for  insertion  by  the  kindness  of  Dr.  Bigsby. 

"lu  regard  to  items  of  Devonian  Paleontology,  it  ko  happens  that 
I  have,  just  at  this  time,  a  few  facts  that  may  be  of  some  interest  to 
Tou.  Mr.  Clerence  King,  who  has  charge  of  a  Government  Geo- 
•  logical  Survey  along  the  line  of  the  Pacific  Bailroad,  through  from 
the  Pacific,  has  submitted  to  me  his  whole  collection  of  fossils  for 
examination.  As  the  party  was  in  the  field  nearly  three  years,  the 
collection  is  large,  and  includes  fossils  from  various  formations. 
Consequently  I  am  only  aiming,  at  first,  to  go  over  the  whole  in  a 
general  way,  merely  to  determine  the  age  of  the  rocks  at  various 
localities,  after  which  I  expect  to  give  them  a  more  thorough  study. 
He  has  Devonian  fossils  from  several  localities  a  little  east  of  Central 
Nevada.  From  his  collections,  obtained  in  the  White  Pine  mining 
district,  I  have  been  able  to  determine  that  the  great  Silver-bearing 
rock  of  those  mines  belongs  to  the  Devonian ;  though  the  Carboni- 
ferous is  also  well  developed  there.  As  these  are  very  rich  mines, 
that  are  yielding  Ions  of  silver,  I  have  considered  it  a  matter  of  some 
interest  to  determine  the  age  of  the  rock.  The  specimens  being 
mostly  imbedded  in  the  matrix,  require  some  time  and  patience  in 
Older  to  work  them  out ;  and  more  critical  comp'irisons  than  I  have 
yet  been  able  to  give  them,  before  I  can  speak  positively  in  regard  to 
all  of  the  species.  I  can,  however,  give  you,  without  doubt,  the 
names  of  nearly  all  the  genera,  and  of  some  of  the  species.  They 
are  as  follows : — 

**  Corals  and  Poltzoa.  —  DiphyphyUwn,  Syringopora,  Smilhia 
Bmnahii  (Lonsdale),  and  Acervularia  pentagona  (Goldf.),  or  very 
dosely  allied  forms.  Chonophyllum,  very  similar  to  C.  per^ 
fdiatum  (Goldf.),  Favosites,  Alveolites,  and  Betepora, 

Mollusc  A. — Productus  (small,  like  P.  subacvd^atus),  BhynchoneUa^ 
Atrypa  reticularis  (Linn.),  Spirifer  Utahensis  (Meek),^  Spirifer  Bngd' 

^  I  ori^iiullv  deicribed  this  under  another  name  {8,  Nonoodt),  but  on  finding  it 
pre-oeeapied,  I  afterwardi  changed  it  to  Utaheniig.  [See  Proceed.  Philad.  A<»[d., 
*^h  I860,  p.  808.] 
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mafmi   (Meek),   Mcicroehetlus,   Pleuroiomaria,  and   two  species  of 
Orihoeeraa. 

I  had,  in  1860,  referred  this  rock  to  the  Devonian,  on  the  eyidenoe 
Hit  some  of  these  same  fossils  (and  the  aheenoe  of  any  Silurian  or 
Caib.  types),  bponght  in,  by  Ool.  Simpson's  Exploring  Expedition, 
from  another  locality  a  little  farther  north,  though  at  that  time  this 
Toek  was  not  known  to  be  a  silyer-bearing  formation. 

In  addition  to  several  of  the  above-mentioned  fossils,  I  had  from 
this  rock,  in  1860,  fragments  of  Phaeops,  Hamaloncius,  and  of 
another  fossil,  I  thonght  might  be  a  CalymenBf  bat  I  do  not  diink 
now  that  it  could  have  belonged  to  that  genus. 

It  is  highly  probable  that  &e  silver-veins  of  this  region  oome  op 
from  the  Silurian,  but  no  lower  rocks  than  the  Devonian  have  yet 
been  found  just  there. 

At  other  localities,  farther  east  in  Nevada,  Mr.  King  found  Airypa 
retietdariSf  a  Spirifer,  and  a  Ikiimanitet,  evidently  Devonian  types, 
and  apparently  from  about  the  horizon  of  the  Comi^BTOiiB  or 
Onondaga  limestone  of  the  N.  T.  series. 

From  other  localities  he  has  OphUUa  complanatay  Vannzent,  and 
two  species  of  those  many-whorled  depressed  shells,  often  referred 
to  Euomphalus,  from  a  low  posilion  in  tiie  Silurian ;  also  Primordial 
Trilobites.  In  West  Humboldt  range  of  mountains  he  obtained  ai 
fine  collection  from  the  Upper  Trias,  that  afforded  some  of  the  same 
types  figured  in  the  <])alifomia  Report.  These  are  as  cleasly  of  the 
age  of  die  St.  Cassian,  as  if  the  words  **  St.  Cassian  *'  were  printed 
in  Boman  letters  on  every  specimen.  He  also  has  Cretaceous  and 
Tertiary  Fossils.  All  the  Tertiary  yet  known  from  -diis  great 
internal  region  of  the  Oontinent,  is  of  fresh  or  brackish-water  origin. 
The  Tertiary  rests  conformably  on  the  Cretaceous,  and  the  passage 
from  one  to  the  other  seems  to  have  been  coincident  with  the  change 
from  marine  to  brackish- water  deposits,  which  wore  afterwards  sue* 
oeeded  by  fresh- water  formations." 

**  The  information  ^ren  herein  was  Inndly  permitted  to  be  sent  bj  Mr.  Clerenoe 
King,  Director  of  the  Goyemment  G^eological  Surrey  along  the  Imo  of  the  Pftdflc 
Bailrood."— F.  B.  Mbek. 


I. — On  THS   SUBMIEBGEB   FoBEST  AT  BULCKPOOL,   NEAB   DaBTMOUTH, 

South  Devon.     By  W,  Pengelly,  r.R.S.,  F.G.8.* 

IN  a  paper  on  the  Submerged  Forests  of  Torbay,*  which  I  had 
the  pleasure  of  reading  to  this  Association,  during  the  meeting 
at  Tiverton,  in  1865,  I  recorded  the  facts  that  a  Submerged  Forest 
existed  at  Blackpool,  about  two  and  a  half  mUes  south-west  of 
partmouth;  that  it  was  almost  always  entirely  concealed  by  tt^e 
sand  thrown  up  by  the  waves ;  that  it  had  been  described  to  me  bjr 

'  ^  TranaactionB  of  the  DeTonshire  Aasociation  for  the  AdTanceroent  of 
literature,  and  Art.    1869.  *  Ibid.  toU  i.  pp..a0-42^ 
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persons  who  saw  it  dtiring  two  brief  exposures,  one  in  July,  1802, 
and  the  other  about  fifty  years  afterwards ;  and  that  there  was  reason 
to  believe  that  it  had  never  been  laid  ba^e  during  the  interval;  so 
that  two  generations  of  geologists  might  have  traversed  the  stiand 
at  every  low  water  without  detecting  a  trace  of  the  forest  beneath 
them.' 

The  Torqwjky  Directory  of  February  10, 1869,  contained  the  follow- 
ing paragraph: — "The  fine  beach,  situate  about  midway  between 
Stokefleming  and  the  feur-famed  Slapton  Ley,  just  now  presents 
a  most  unusual  appearance.  The  action  of  the  heavy  seas  during 
the  late  tempestuous  weather  has  entirely  removed  the  deep  bed 
of  sand  from  the  western  end,  exposing  a  bottom  of  blue  clay,  in 
which,  at  low  water,  portions  of  bark  and  nuts  may  be  found  em- 
bedded, which  indicate  the  remains  of  a  primeval  forest,  which,  ages 
ago,  flourished  on  the  spot  The  place  is  well  worthy  a  visit  from 
any  one  interested  in  geological  incidents." 

From  the  description  of  the  locality,  it  was  tolerably  certain  that 
the  forest  alluded  to  was  that  at  Blackpool.  Believing  that  a  shift 
of  wind  wotdd  cause  the  waves  to  restore  the  sand,  and  once  more 
to  bury  this  interesting  but  rarely-seen  evidence  of  a  change  of 
relative  level  of  land  and  sea,  I  started  for  Dartmouth  the  next  day, 
February  11th,  accompanied  by  three  ladies  who  take  a  lively 
interest  in  geological  phenomena.  On  reaching  Dartmouth  we 
found,  as  had  been  expected,  that  our  destination  was  Blackpool, 
and  that  the  forest  was  still  to  be  seen. 

We  were  so  fortunate  as  to  reach  the  beach  at  spring  tide  low 
water,  and  to  find,  admirably  exposed,  by  far  the  finest  example  of 
a  Submerged  Forest  which  I  have  ever  seen.  It  occupied  a  rect- 
angular area,  extending  from  the  small  river  or  stream  at  the 
western  end  of  the  inlet,  about  one  furlong  eastward;  and  from 
the  low-water  line,  thirty  yards  up  the  strand. 

The  lower  or  seaward  portion  of  the  forest  area,  occupying  about 
two-thirds  of  its  entire  breadth,  consisted  of  a  brownish  drab-coloured 
day,  which  was  crowded  with  vegetable  debris,  such  as  small  twigs, 
leaves,  and  nuts.  There  wore  also  numerous  prostrate  trunks  and 
branches  of  trees,  lying  partly  embedded  in  the  clay,  without  any- 
thing like  a  prevalent  direction.  The  trunks  varied  from  six  inches 
to  upwards  of  two  feet  in  diameter.  Much  of  the  wood  was  found 
to  have  a  reddish  or  bright  pink  hue,  when  fresh  surfaces  were 
exposed.  Some  of  it,  as  well  as  many  of  the  twigs,  had  almost 
become  a  sort  of  ligneous  pulp,  whilst  other  examples  were  firm, 
and  gave  a  sharp  crackling  sound  on  being  broken.  Several  large 
stumps  projected  above  the  clay  in  a  vertical  direction,  and  sent 
roots  and  rootlets  into  the  soil  in  all  directions  and  to  considerable 
distances.  It  was  obvious  that  the  movement  by  which  the  sub- 
mergence was  efiected  had  been  so  uniform  as  not  to  destroy  the 
approximate  horizontality  of  the  old  forest  ground.  One  fine 
example  was  noted  of  a  large  prostrate  trunk  having  its  roots  sUU 

t  TransaoiionB  of  the  DeTonshire  Atfociation,  p.  32. 
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attaobed,  some  of  them  sticking  up  above  the  olay,  whilst  others 
were  buried  in  it    This  tree  bad  fallen  towards  the  east. 

Both  the  trunks  and  the  soil,  though  carefully  examined,  &iled  to 
disclose  any  traces  or  indications  of  ancient  tools.  Nor  was  the 
search  for  bones,  teeth,  antlers,  or,  indeed,  animal  remains  of  any 
kind,  much  more  successful.  The  only  relic  of  this  nature  which  was 
met  with  was  a  portion  of  a  wing-case  of  some  coleopterous  insect, 
and  this  the  wind  carried  off  almost  as  soon  as  it  was  found. 

Hazel  nuts  were  extremely  abundant — some  entire,  others  broken, 
and  some  obviously  gnawed.  A  few  appeared  to  have  been  flattened 
as  if  from  long-continued  pressure.  On  digging  into  this  mass  and 
exposing  new  surfaces,  a  very  disagreeable  odour  was  emitted,  which 
affected  some  of  the  party  with  nausea. 

Towards  the  uppermost  or  landward  margin  of  the  area,  the  clay 
was  of  a  bluish  lead-colour,  and  traversed  by  a  considerable  number 
of  rectilineal  furrows,  which,  at  first,  I  was  inclined  to  regard  as 
hollows  out  of  which  trunks  of  trees  had  been  washed.  This  hypo- 
thesis, however,  appeared  to  be  negatived  by  the  facts  that  Uiere 
were  no  roots,  or,  indeed,  vegetable  debris  of  any  kind,  to  be  seen  in 
this  part  of  the  clay,  and  that  the  longest  axis  of  every  furrow  was 
at  right  angles  to  the  water-line.  Hence,  to  suppose  that  they  had 
formerly  been  occupied  by  trunks  of  trees,  it  would  be  necessary 
to  suppose  also  that  all  the  latter  had  fallen  in  one  and  the  same 
direction ;  but  this,  as  has  been  stated,  is  by  no  means  borne  oat  by 
the  trunks  remaining  on  the  lower  belt  of  the  area,  where  they 
appear  to  have  fallen  towards  every  point  of  the  compass.  In  all 
probability  the  furrows  were  scooped  out  by  the  waves,  perhaps 
during  previous  exposures. 

K  a  conjecture  may  be  hazarded  on  the  point,  I  would  suggest 
that  the  blue  clay  is  perhaps  the  substratum  on  which  the  brown 
clay  lies,  and  that  the  latter,  with  its  vegetable  debris,  has  been 
stripped  off  the  landward  belt  of  the  old  forest  ground. 

It  has  been  stated  that  the  forest  area  reached  the  spring-tide 
low- water  line;  hence,  as  the  greatest  tidal  range  on  this  coast 
amounts  to  eighteen  feet,  we  are  warranted  in  inferring  that  the  sub- 
mergence amounted  to  eighteen  feet  as  a  minimum,  even  if  we 
suppose  that  some  of  the  trees  grew  in  a  soil  the  surface  of  which 
was  not  above  the  level  of  high  water.  There  is  satisfactory  evidence 
that  in  Torbay  it  was  not  less  than  forty  feet,  and  that  in  Falmouth 
harbour  it  amounted  to  at  least  sixty-seven,  feet* 

The  means  at  my  disposal  did  not  allow  me  to  bring  away  many 
samples  of  the  forest  for  careful  examination  at  leisure,  but  shortly 
after  my  visit  I  was  so  fortunate  as  to  meet  two  gentlemen  of  Kings* 
bridge,  who,  with  Mr.  Vivian,  of  Torquay,  had  also  inspected  tlie 
forest,  and  on  their  return  kindly  sent  me  a  hamper  filled  with 
selected  portions  of  the  vegetable  debris. 

To  the  same  gentlemen  I  am  indebted  for  a  rather  small  horse^ 
chestnut,  which,  though  perhaps  somewhat  bright,  may  be  said  to 

*  See  Tram,  of  the  DeTon.  Anociation,  toI.  i.  pp.  131  and  134.    1868. 
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have  &e  fomt  wpeot.    It  wu  foimd  lying  looee  oa  the  snrfaoe  of 
the  forest  uea,  and  may  haTe  been  cast  up  by  the  waves. 

Mr.  A.  Hiint  informed  me,  on  Uorch  23rd,  1S69,  that  the  forest 
had  entirely  disappeared.  For  about  a  week  immediately  preceding 
tJiere  had  been  strong  north-easterly  vrinds,  sometimes  becoming 
▼ery  heavy  gales.  The  forest  therefore  oould  not  have  remained 
nnoovered  for  more  than  a  month,  or  five  weeks  at  the  utmost 
This,  however,  was  a  long  exposure  when  compared  with  those  of 
earlier  periods,  aocoiding  to  the  accounts  which  have  reached  us. 


U. — AbOHIVKB    of    THB    NaTUBAL    HiSTOBY    ExFLOKATIOH    of    THl 

CouNTBT  OF  BoHUfiA.  Published  for  the  Committee  of  Ex- 
ploration under  the  direotlon  of  Professor  Dr.  Cabl  Eobistka, 
and  Professor  I.  Ebbjqi. 

YoL  L  Contains,'  under  Orographteal  Section-Meaturement*.  onfr* 
tenth  part  of  the  Hap  of  Bohemia,  upon  which  4,000  points  have 
been  measured  and  veriJied. 

The  OeologietU  Section  contains  i — 

(1).  A  detailed  stratigraphioal  description  of  the  entire  Chalk* 
formation  of  Bohemia  by  Professor  Krejoi. 

(2),  A  PalEeoutological  Houogmph  of  the  lowest  strata  of  the 
Chalk -formation  in  Bohemia  (Upper  Greensand)  by  Dr.  A.  Fritsch, 
.containing  a  detailed  description  of  92  localities. 

A  plate  illustrating  new  freshwater  shells  of  the  "Pemcen" 
strata  (lower  part  of  Upper  (Jreensand). 

(3),  An  examination  into  the  microscopic  structure  of  Eotoim 
Bokemiema,  with  2  plates  by  Dr.  A,  Fritsch. 

(4).  On  Fossil  Crinoids,  etc,  from  the  Urkalk  of  Pankratz,  by 
Dr.  A.  Fritsch. 

(5).  Additions  to  our  knowledge  of  the  Tertiary  Freshwater 
Gasteropoda  of  Tucbaritz  Bohemia,  by  Alfred  Slavik,  assistant  to 
Dr.  Fritsch  in  the  Moseum  of  Prague, 

(6).  Note  OB  a  Loeusta  from  the  Braunkolcn  formation  of 
Bohemia, 


HI. — Thb  Mihibai.  Wkaite  of  India. 

Thb  EHglishman  (Calcutta),  of  the  5th  February.  1870,  contains 
some  lengthy  notes  on  the  Mineral  Wealth  of  India.  Their  chief 
object  is  to  show  that  this  wealth  has  never  yet  been  fully  de- 
veloped, and  that  no  reason  exists  why  wealth,  similar  to  that  in 
which  the  ancients  luxuriated,  should  not  again  bo  realised  by  those 
who  may  be  induced  to  search  for  it. 

Tho  historical  evidence  is  first  set  forth,  and  numerous  references 
ore  made  to  ancient  writers  to  prove  the  riches  of  the  land. 

>  We  tn  indebted  te  onr  friend  Dr.  Aaton  Frilich,  the  able  sad  eoer^tic  Keeper 
of  111*  PalMitiloli^ical  ind  Zoological  coUectiuua  in  the  Royal  BohemiaD  MuMiim, 
Prague,  for  the  tboje  intereating  fisport  of  the  MDt«nti  of  the  fint  Toluma  of  thia 
trnl;  aitional  w«A.—£dit. 
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India  has  been  justly  reputed  for  immense  mineral  wealth, 
especially  in  diamonds  and  other  gems,  in  which  she,  no  doabi, 
at  one  time,  bore  the  palm  before  the  rest  of  the  world,  but  no  laige 
amonnt  of  the  precious  metals  has  been  enamerated  among  her 
products. 

In  the  Mint,  at  Delhi,  there  are  ancient  traditiona  of  tiie  art 
of  refining  both  gold  and  silver. 

The  so-called  ''silver  mines"  at  Manikam  have  never  been 
worked  to  any  extent,  the  produce  is  arsenical  pyrites  and  galena^ 

Of  about  twenty  mines  about  to  be  opened  in  Eulu,  one  is  an 
antimony  mine,  in  which  a  vein,  about  two  feet  thick  of  the  solid 
ore,  nearly  pure,  is  reported  to  exist.  Others  are  of  argentiferoos 
galena,  yielding  a  large  per  centage  of  copper — 90  ounces  of  silver 
to  the  ton,  besides  leaid  and  gold — while  those  of  copper  have  not 
been  sufficiently  opened  up  to  obtain  fair  samples  tor  assay.  It 
is  expected,  however,  with  additional  capital  and  a  lai^r  tntored 
staff,  another  year's  exploration  will  add  considerably  to  the  known 
mineral  wealth  of  Kulu  and  the  Southern  Himalayan  range. 

The  geological  formation  of  Kulu  in  the  Himalayahs,  and  espe- 
eially  of  Vazeeri  Bussi,  is  very  favourable  to  the  discovery  of  the 
precious  metals,  being  composed  of  Silurian  rocks,  sandstone,  shales, 
olay-slate,  micaceous  and  quartzose  schists,  with  numerous  quartz 
lodes,  most  of  which  are  highly  metalliferous. 

Burrampore  is  said  to  have  produced  £rom  2,600  to  3,000  lbs. 
Troy  of  gold  annually. 

That  a  considerable  quantity  of  lead  has  been  produced  in  India 
there  can  be  no  doubt,  from  the  quantities  the  natives  used  for  war 
purposes  as  well  as  sport,  and  from  the  many  little  diggings  where- 
ever  any  indication  appeared.  The  import  of  gold  and  silver  into 
India  since  1800  has  exceeded  the  export  by  256  millions  sterling, 
and  the  total  amount  of  gold  and  silver  coined  exceeds  231  millions 
sterling,  all  of  which  has  been  absorbed  by  India. 

If  India  is  poor,  however,  in  her  produce  of  precious  metals,  she 
makes  ample  amends  for  it  in  her  boundless  wealth  in  gems.  In 
the  Deccan,  in  tlio  river  Pennair,  in  the  lower  Kistna,  E|lore,  and 
Punnah,  in  the  river  Sonar,  in  Bundelkund,  at  Sumbulpore  on 
the  Mahanuddy,  and  numbers  of  other  places  in  India  which  pro- 
duced large  quantities  of  diamonds  two  hundred  years  ago,  have 
since  become  so  unproductive,  or  so  neglected,  that  not  only  the 
places  themselves  but  the  very  names  are  almost  unknown  to 
the  present  inhabitants. 

Qarcia  al  Horto,  physician  to  the  Viceroy  of  Goa,  states  that 
diamonds  ar^found  in  only  three  or  four  places.  In  the  province 
of  Besnagar  there  are  two  or  three  rocks  that  produce  them.  There 
is  another  rock  in  the  Deccan,  not  far  from  the  territory  Imadixa 
(Imad  Shah),  etc.  These  are  the  stones  known  by  the  nam6 
of  ''the  diamonds  of  the  old  rook,"  and  are  brought  for  sale  for 
Lispor,  a  town  of  the  Deccan,  where  there  is  a  noted  fair  held.  The 
Quzerat  merchants  buy  them  and  bring  them  here. 

The  richest  mines,  however,  were  at  Golconda,  on  the  gulf  of  the 
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Gkmges,  abont  108  miles  from  Masilipatam.  These  used  to  be 
brmed  out  for  300,000  pagodas  per  annum  (£  160,000) .  In  1676  no 
leas  than  60,000  persons  were  employed  in  them.  The  plan  of 
working  was  very  rude,  some  of  the  labourers  were  employed  in 
digging,  others  in  baling  out  water  by  hand,  having  no  mechanioal 
oontrivanoes  for  that  purpose.  They  sunk  shafts  ten  or  twelve 
fathoms  deep,  carried  out  the  earth,  which  was  red  mixed  with 
white  and  yellow  chalk,  and,  when  dried  in  the  sun,  broke  and 
sifted  it 

India  now  sends  no  diamonds  to  market.  She  gets  her  gold  from 
EIngland,  her  silver  from  China,  and  her  copper  from  Bussia.  Some 
gold  comes  from  Tarkand  in  dust,  but  in  small  quantities  ;  also 
emeralds,  rubies,  and  other  gems,  pi-ecious  jade,  sulphur,  copper, 
lead,  borax,  and  rock-salt.  The  mountainous  tracts  to  be  crossed, 
however,  prevent,  to  a  great  extent,  the  importation  of  merchandise 
from  this  inhospitable  oountry. 


I. MSMOIBS  OF  THK  OeOLOQIOAL  SuBVEY  OF  EnOLA.ND  AND  WaLKS. 

I.  The  Geology  of  the  Carboniferous  Limestone,  Yoredale  Eocks, 
and  Millstone  Grit  of  North  Derbyshire,  and  the  adjoining  parts 
of  Yorkshire.  By  A.  H.  Green,  M.A.,  F.G.S. ;  C.  Le  Neve  Foster, 
B.A.,  D.Sc.,  F.G.S. ;  and  J.  K.  Dakyns,  M.A.  Appendix  and  list 
of  Fossils.  Bj  R.  Etheridge,  F.R.S.E.,  &c.  1869.  8vo.  pp.  168. 
(London :  Triibner  <fe  Co.) 

n.  The  Triassic  and  Permian  Rocks  of  the  Midland  Counties  of 
England.  By  Edward  Hull,  M.A.,  F.R.S.,  F.G.S.  1869.  8vo. 
pp.  128.     (London  :  Triibner  &  Co.) 

I.  This  Memoir  is  the  result  of  explorations  in  the  field,  from 
1864-7,  by  the  authors  whose  names  are  affixed  to  the  paper ;  each 
of  whom  (with  the  exception  of  Dr.  Le  Novo  Foster)  describes 
portions  of  the  country  surveyed  by  himself.  The  general  arrange- 
ment of  the  Memoir  has  been  intrusted  to  Mr.  Green. 

The  Memoir  is  prefaced  by  a  useful  bibliography  of  the  books  and 
papers  relating  to  the  country  described  from  1700  to  18G7,  and  con- 
tamB  a  general  description  of  the  physical  features,  geological 
structure,  and  drainage  of  the  district,  which  is  followed  by  a  notice 
of  the  formations  examined,  viz. :  Mountain  Limestone,  Yoredale 
Bocks,  Millstone  Grit,  and  Coal-measures.  Next  follows  a  detailed 
description  of  these  formations,  as  observed  in  the  different  localities 
examined,  and  occupies  more  than  100  pages  of  the  Memoir.  The 
Post-Pliocene,  and  more  recent  deposits,  follow,  including  the 
Boulder  beds,  the  River  deposits,  and  the  Clay  and  Gravels  of  the 
Cleaver  Hills. 

A  ohapter,  embodying  a  summary  of  the  more  important  observa- 
tions, as  well  as  a  few  points  not  previously  noticed,  completes  the 
monograph,  to  which  is  appended  a  valuable  list  of  the  fo&&\l&  ol  ^30^  ^ 
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Carboniferous  Limestone  of  Derbyshire  (never  previously  attempted), 
by  Mr.  B.  Etheridge,  the  Palsdontologist  to  the  Survey,  zoologically 
arranged.  From  this  we  learn  that  there  are  of  Coelenterata,  54  sp. ; 
Echinodermata,  27  sp. ;  Crustacea,  15  sp. ;  Brachiopoda,  96  sp. ; 
Lamellibranchiata,  50  sp. ;  Gasteropoda,  55  sp. ;  Cephalopoda,  31 
sp. ;  besides  some  12  species  of  fishes.  These  remains  embrace 
about  12  localities. 

Besides  three  copper-plate  engravings,  the  Memoir  is  illustrated 
by  40  woodcute  of  the  more  important  sections  noticed  in  the  text. 

XL  This  Memoir  commences,  like  the  foregoing,  with  an  account  of 
the  researches  of  previous  authors  who  have  written  upon  these 
formations,  and  describes  the  advances  made  by  the  officers  of  the 
Geological  Survey,  since  they  commenced  their  investigationi  now 
fifteen  years  ago. 

Mr.  Hull  offers  a  classification,  which  is  adopted  by  the  Survey, 
dividing  the  Bunter  Sandstone,  or  base  of  the  Triassic  series,  into 
three  parts,  namely — 

3.  Upper  Mottled  Sandstone. 

2.  Pebble  Beds. 

1.  Lower  Mottled  Sandstone. 

Overlying  these,  the  Muschelkalk  being  wanting,  occur  the  lower 
Eeuper  Sandstone,  the  new  Bed  Marl,  and  BhsBtic  Beds.  The 
greater  portion  of  the  Memoir  (from  pp.  29-105)  is  devoted  to  a  de- 
tailed description  of  this  group,  including  its  physical  geology. 

The  Permian  rocks  beneath  occupy  20  pages  more.  There  is  a 
remarkable  lithological  difference  between  the  Permians  of  this 
district  and  those  of  the  north-eastern  portion  of  England.  The 
general  absence  of  Limestones  from  this  area,  and  thoir  comparative 
abundance  in  the  typical  uorth-eastei-n  area  about  Durham,  indicating 
a  marked  difference  in  the  sources  whence  the  materials  of  these 
sedimentary  strata  were  derived.  The  author  recognises  in  the  area 
described  two  distinct  types,  the  Salopian  and  the  Lancastrian, 
showing  distinct  lithological  characters. 

As  bearing  upon  the  economics  of  the  district,  the  author  traces 
out  the  original  extent  of  the  Coal  strata  beneath  the  formations 
above  noticed  in  central  England,  and  attempts  to  determine  the 
lines  and  districte  of  disturbance  and  denudation  to  which  the  Coal- 
measures  have  been  subjected  at  the  close  of  the  Carboniferous 
period,  as  well  as  the  upheaval  and  denudation  after  the  Permian 
period;  and,  lastly,  the  mode  of  distribution  of  the  Permian  and 
Triassic  rocks. 

The  Sandstones  of  the  lower  Keuper  series  are  the  most  economic 
of  all  the  Triassic  rocks  for  building  purposes,  and  a  list  of  the  best 
quarries  is  given. 

The  Bunter  Sandstone,  as  a  source  of  water  supply  is  also  dealt 
with,  and  Mr.  Hull  shows  it  to  be  one  of  the  most  important  water- 
bearing formations  in  England. 

A  list  of  fossils  is  appended  to  the  Memoir,  which  is  illustrated  by 
numerous  woodcuts. 


ft 
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n, Ow    THE    ViNDHTAN    SeBIBS,   AS  ExHIBITKD    IN    THE    NOBTH- 

Westebn  and  Centbal  Pbovinces  of  India. 

By  Fred.  £.  Mallbt,  F.G.S. 
[If  emoin  of  the  Geological  Snnrey  of  India.    Vol.  Tii.,  Part  L,  1869.] 

THE  distriot  described  in  this  Memoir  comprises  a  large  area, 
including  the  greater  part  of  Bundelkund,  in  size  not  greatly 
inferior  to  England. 

Besides  his  own  work,  the  author  combines  the  work  and  results 
of  his  colleagues,  Messrs.  H.  B.  and  J.  G.  Medlicott,  C.  A.  Hacket, 
W.  L.  Wilson,  and  W.  T.  Blanford.     The  formations  noticed  in  the 
area,  and  coloured  on  an  excellent  lithographic  map — (scale  32  miles 
to  1  inch),  are  as  follows : — 
Alluvium. 
Malva  Trap. 
Intertrappean  and  Bagh  Beds. 

d  /  Upp^r  Bundair 650  to  2,000ft.  in  thickness. 

g  g^  \  Lower  Bundair    600  to  1,500ft.  „ 

gjg  I  Upper  Rewah 300  to  1,000ft. 

P.g  /  Lower  Eewah 450ft 

>  VKymore    1,300ft. 

Lower  Vindhyan 2,000ft 

Quartzite  Series. 
Gwalior  Series. 
Bijawur  and  Slate  Series. 
Gneiss. 
The  author  first  gives  a  summary  of  what  has  been  done  by 
previous  observers  in  the  same  field. 

Physical  Features. — He  then  describes  the  Physical  Greography  of 
the  district  The  area  occupied  by  the  Vindhyan  rocks,  especially 
in  their  eastern  extension,  is  one  well  marked  from  the  surrounding 
country,  both  by  the  greater  general  elevation  of  its  plateau,  and  the 
clearly  cut  escarpments  by  which  it  is  almost  everywhere  bounded. 
The  district  is  naturally  divisible  into  three  so-called  table-lands, 
varying  in  elevation  from  500  to  1,500  feet,*  each  of  which  has  for 
its  floor  one  of  the  three  grand  sandstones  of  the  Upper  Vindhyan 
series,  by  the  names  of  which,  therefore — Kymore,  Rewah,  and 
Bundair — the  table-lands  themselves  may  be  conveniently  dis- 
tinguished. 

The  Lower  Vindhyan  formation  which  skirts  these  table-lands 
having  been  subjected  to  many  disturbances,  and  subsequent  denu- 
dation, presents  diversified  features.  While  among  the  schistose 
rocks  which  have  suffered  greater  disturbance,  and  in  which  there  is 
greater  contrast  of  material,  the  features  ai*e  more  varied. 

The  Trappean  area  presents  much  diversity  in  aspect.  Plains, 
more  or  less  level  as  a  whole,  in  some  parts  are  covered  with  broad 
spreads   of    "cotton  soil,"    where   wheat  is   grown    in    immense 

1  The  highest  point  in  the  area  is  Ealumur,  a  Trappean  hill  rising  firom  the  Bimdar 
table-land  2,644  feet  aboye  the  sea-leyel. 
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quantities.  In  some  places  the  ground  is  broken  up  and  h 
in  others  it  is  shaped  into  innumerable  hills,  with  only  the 
scantiest  vegetation ;  sometimes  it  is  covered  with  jungle,  at  others 
stony  and  barren.  The  form  of  the  trap  hills  distinguishes  them 
from  inlying  hills  of  sandstone,  and  the  v^etation  of  each  IB  also 
sufficiency  distinct ;  a  very  characteristic  difference  is  the  abundant 
supply  of  teak  saplings  on  the  Trappean  hills,  which  are  quite 
uncommon  on  the  sandstone. 

Petrology, — Both  the  Upper  and  Lower  Vindhyan  series  consist  of 
alternations  of  Limestones,  Shales,  Sandstones,  and  Conglomerates, 
(distinguished  in  many  cases  by  local  names),  but  the  strata  of  the 
Lower  series  are  as  a  whole  calcareous  and  argillaceous,  while  those 
of  the  Upper  are  arenaceous  and  argillaceous ;  and  while,  in  great 
part  of  the  Upper  series,  the  beds  are  thick-bedded  and  massive, 
ffagginess  is  a  prominent  characteristic  in  the  Lower.  Lateral 
alterations  are  often  observed,  by  which  limestones  in  one  locality 
change  to  shale  in  another.  Wherever  the  junction  of  the  two  series 
is  seen  in  section,  they  are  found  to  be  conformable,  but  there  is 
reason  to  suppose  a  slight  unconformity  really  exists.  That  the 
Lower  was  more  or  less  denuded  during  the  formation  of  the  Upper 
is  amply  proved  by  the  abundant  fragments  of  its  strata  frequently 
observed  in  the  bottom  beds  of  the  upper  series.  The  Vindhyan  beds 
have  therefore  been  separated  into  two  divisions. 

The  thicknesses  of  the  beds  vary  much  in  different  places,  partly 
from  original  conditions  of  deposition,  and  partly  from  the  effects  of 
subsequent  denudation.  In  the  neighlxjurhood  of  Rewah,  the  full 
thickness  of  the  Upper  Vindhyans  is  about  2,500ft.,  while  in  the  Dbar 
forest  it  has  been  estimated  at  10,000ft.  At  Sotasgurh  the  Lower 
Vindhyans  are  about  2,000ft.  thick. 

As  yet  no  reliable  fossils  have  been  found  in  either  the  Upper  or 
Lower  Vindhyans. 

Age. — Their  age,  relatively  to  the  stratified  formations  newer, 
cannot  be  determined  by  the  test  of  superposition,  as  no  more  recent 
deposits  anywhere  overlie  them,  except  such  as  are  known  to  be 
vastly  yoimgor.  They  rest,  with  marked  unconfonnability,  on  the 
older  rocks. 

The  Vindhyans  are  in  the  Indian  scale  mediate  between  the  Bijawurs 
and  Gwaliors  on  one  band  (the  relative  age  of  which  to  each  other  is 
yet  uncertain),  and  the  Talchirs  on  the  other.  This  latter  is  the  first 
formation  beneath  the  lowest  coal  as  far  as  is  yet  known. 

With  regard  to  their  age,  according  to  the  European  standard,  little 
can  be  said.  In  a  previous  volume  of  the  Memoirs,  Dr.  Oldham 
pointed  out  the  probability  of  the  Damuda  system,  representing  in 
part  the  Permian  and  Upper  Carboniferous  periods,  which  would 
indicate  for  the  Vindhyans,  therefore,  some  age  older  than  the  Upper 
Carboniferous.  Mr.  Mallet  remarks  that  it  would  be  curious  if  they 
were  to  turn  out  of  Old  Bed  Sandstone  a^o,  as  to  this  period  they 
were  referred,  in  1825,  by  Dr.  Voysey,  for  no  other  reason  than 
their  lithological  similarity. 

Denudation, — ^The  Vindhyan  area,  especially  in  the  eastern  distzictSy 
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presents  a  fine  field  for  the  study  of  denudation.  The  entire  features 
appear  to  be  the  result  of  subaerial  agencies,  in  support  of  which 
Mr.  Mallet  adduces  several  striking  instances. 

Jftfi«raZ  Wealth. — No  metallic  wealth  has  yet  been  discovered  in 
tlie  Yindhyan  series,  nor,  as  the  author  remarks,  was  it  to  be  expected 
in  such  an  accumulation  of  sandstones.  Their  mineral  resources, 
with  one  remarkable  exception — ^the  diamond  mines  of  Punna  * — are 
diiefly  confined  to  building  stones  and  limestones.  Superficial  de- 
posits of  iron-ore  oocur  scattered  over  the  Eymore  table-land,  which 
are  worked  to  some  extent,  and  brown  hsematite  occurs  on  the  Punna 
raz^  of  hills.  Iron  Pyntes  occur  in  the  black  Bijigurh  shales  (of 
the  Kymore  Group).  The  black  colour  of  these  shales  led  to  a  belief 
Hiat  ooal  existed,  but  it  is  now  well  known  that  none  of  it  exists  in 
the  Yindhyan  formation. — H.  B.  W. 


BGL — ^*'  Ok  thb  Strata  of  thb  Eabth's  Cbtjst,  and  thb  Fossils 
ooMTAnrsD  IK  IT."    By  Dr.  Anton  Fritsch,  of  Prague. 

[O  Tntrftch  kbrj  cemsk6  a  skamenel^ch  tnorech  t  nich  obsazenych.    SepsaL  Dr. 
Antonfn  Fric.  t.  Praze,  1869.     12mo.  pp.  232,  profiuely  illustrated.] 

Under  the  above  title  Dr.  Fritsch  publishes,  at  Prague,  in  the 
Czechian-Slavonic  language,  a  Popular  Geology,  written  for  the 
Bohemian  people,  and  illustrated  with  473  well-executed  woodcuts 
of  sections  and  fossils,  etc.,  mostly  found  in  Bohemia. 

First,  there  is  an  introductory  chapter  on  the  nature  of  geolc^cal 
research,  and  the  places  to  be  visited  around  Prague  where  fossili- 
ferous  strata  are  to  be  met  with.  Then  succeeds  an  outline  of  the 
zoological  orders  represented  in  a  fossil  state,  from  the  microscopic 
Diatamacea  to  the  remains  of  the  Mammoth  and  Bhinoceros. 
Thirdly,  we  have  a  brief  account  of  the  chief  physical  agencies  at 
work  upon  the  crust  of  our  globe,  and  the  subterranean  forces  mani- 
festing themselves  in  earthquakes,  elevations,  and  sinkings  of  the 
land,  and  the  outbursts  of  volcanos.  The  formation  of  sedimentary 
deposits  beneath  the  sea,  and  their  subsequent  elevation  at  dififerent 
angles,  so  as  to  form  our  hills  and  mountains,  are  each  illustrated,  as 
is  also  their  subsequent  waste  and  erosion  into  ravines,  valleys,  and 
plains.  The  arrangement  of  the  rest  of  the  work  is  stratigraphical, 
each  formation  being  illustrated  by  its  characteristic  fossils  from  the 
Primordial  zone  to  the  Quaternary  deposits  and  the  Swiss  pile- works. 

The  groups  of  fossils  illustrating  the  book  have  the  great  recom- 
mendation of  being  correctly  draum — a  feature  too  often  neglected  in 
cheap  popular  works  on  geology  and  palaeontology,  the  artists 
appearing  to  think  that ''  anything  will  do  for  a  fossiL" 

What  we  particularly  wish  to  call  attention  to,  is  the  interesting 
intelligenoe  that  a  society  in  Bohemia,  formed  for  the  purpose  of 
publishing  cheap  books,  have  printed  20,000  copies  of  Dr.  Fritsch's 
little  geological  handbook,  to  be  sold  at  the  price  of  4^.  each  I  and, 

>  Bimoiidi  occur  in  the  Panna  Shales  (Hewah  ^oup].  Fide  Mr.  Medlioott^s 
Report,  Mem.  GeoL  Sarf«j  ef  Jjkdia,  toL  ii.,  p.  66. 
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what  is  Btill  more  to  the  purpose,  they  have  already  sold  14,000  oopies  I 
We  congratulate  both  the  author  and  the  Society  on  such  good  suocess 
attending  their  efforts  for  the  promotion  of  a  love  of  Natural  Science 
among  their  fellow-men.  When  will  20,000  copies  of  an  English 
geological  book  (even  at  4^d,)  be  printed?  and  when  will  14^000 
be  sold  ?  

IV. — Rkliquijb  Aqtjitaniojb  ;  being  Contributions  to  the  Archieo- 
logy  and  Palaeontology  of  Perigord,  and  the  adjoining  Pro- 
vinces of  Southern  France.  By  Edouabd  Labtet  and  Hxnbt 
Chbistt.  Edited  by  Professor  T.  Bupbbt  Jonss,  F.G.S.  Part 
X.    February,  1870.    4to.  Six  Plates.    London :  H.  BfuUi^re. 

IF  the  original  announcement  be  adhered  to,  namely,  to  complete 
this  great  work  in  twenty  parts,  the  remaining  author,  and  the 
editor  have  now  ai-rived  at  the  half  of  their  travaiL  The  last  num- 
ber appeared  in  September,  1869,  and  we  noticed  it  in  our  October 
number,  Vol.  VI.  p.  463.  Part  I.  appeared  in  December,  18G5,  so 
that  we  may  look  forward  to  the  completion  of  this  exhaustive 
memoir  on  Pre-historic  antiquities  in  1874,  or  thereabout  If  the 
future  ten  parts  prove  as  rich  as  those  already  issued,  it  wHl,  as  a 
publication  on  this  branch  of  archaeology,  be  unrivalled;  but  we 
think  we  must  have  seen  the  largest  half  of  these  fine  illustrationB 
already. 

The  present  part  contains  a  plate  of  engraved  stones,  on  whichy 
as  upon  the  bones,  already  noticed  in  earlier  parts  of  the  work, 
there  are  figures  apparently  of  the  Horse  and  Beindeer.  Such 
stones,  with  engraved  figures  of  animals,  were  very  rare  in  1863, 
when  the  authors  obtained  those  now  figured.  But  since  then  some 
have  been  found  at  other  stations  of  the  same  Beindeer  Period, 
especially  at  Bnmiquel.  The  pieces  of  sandstone  figured  in  Plate 
XXX.  have  evidently  served  for  grinding  and  polishing ;  the  deep 
grooves  upon  the  face  of  several  of  them  would  indicate  that  they 
had  been  used  in  the  preparation  of  bone  implements.  Two  excel- 
lent plates  of  Flint  flakes,  more  or  less  dressed  into  shape,  are 
followed  by  two  of  Bone  implements  and  ornaments. 

Some  of  the  bone  needles  figured  are  three  inches  in  length,  the 
smallest  is  seven-eighth  of  an  inch  long ;  they  appear  to  have  been 
sharpened  on  the  pieces  of  sandstone,  already  mentioned,  whenever 
they  were  blunted,  which  we  think  must  have  been  often,  when  used 
for  sewing  skins. 

In  M.  Lartet*s  admirable  article  "  On  the  Employment  of  Sewing- 
needles  in  Ancient  Times,"  in  the  present  nimiber  of  the  "Beli- 
quia3,"  he  says  (p.  138)  — "  All  tends  to  make  us  admit  that,  like  the 
Laplanders  and  Esquimaux  of  the  present  day,  the  ancient  Cave- 
folk  of  Perigord  must  have  used  the  tendons  of  the  Beindeer  in 
sewing  their  clothes  that  were  made  of  skins ;  and  as  the  needlee  of 
these  primitive  times  vary  considerably  in  form  and  dimensions^ 
it  may  weU  be  assumed  that  they  also  knew  at  that  time  how  to 
split  the  tendons,  and  to  make  them  into  threads  of  different  degrees  of 
fineness,  so  that  they  could  be  used  for  different  kinds  of  needlework**' 
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Some  of  the  omamental  work  npon  the  carved  bone  or  liom 
trticles,  figured  in  tlie  last  plate,  ma;  evidently  be  classed  with  the 
modem  American  oocupation  of  "  Whittling,"  and  must  have  been  a 
great  amusement  on  a  rainy  day.  The  wavy  and  zig-zag  patterns 
are  similar  to  those  seen  upon  early  hand-made,  and  oiten  sun-dried 
pottery. 


y. — ^RxpOBT  or  THx  29th  MEEnxQ  OT  THE  Bbitish  Asbooiatioii  roB 
THK  Adtakcuknt  oj  Scienci,  held  at  Exeter,  August,  1869. 
London,  1870.  8vo.  pp.  704.  John  Murray. 
I^TEt.  Geobok  Gbivfiths,  the  Assistant  General  Secretary,  has  dis- 
yif  played  great  diligence  in  bringing  out  the  annual  volume  of 
reports  and  proceedings  so  soon  after  the  meeting.  Among  the 
nomerona  papers  of  geological  interest,  we  select  one  which  appears 
especially  deserving  the  attention  of  our  readers. 

BzFORT  ON  lex  AS  AN  Agent  OT  Gbologio  chanob.  By  a  Com- 
mittee, consisting  of  ProfeBsor  Otto  Torell,  Professor  Ramsay, 
LL.D.,  F.K.S.,  and  H.  Bauerman,  F.G.S. 

We  are  of  opinion  that  the  work  already  done  in  the  investigation 
of  the  phenomena  connected  with  ice  is  not  sufficient  to  enable  us  to 
prepare  a  Beport  showing  the  precise  effect  of  ice  aa  an  agent  of 
geologic  change  but  enough  has  been  done  to  show  in  port  the 
manner  in  which  the  subject  may  be  followe  1  for  the  purpose 
of  obtaining  information  as  to  the  quantitative  action  of  glaciers  both 
as  regards  tlieir  erosive  and  transportmg  powers 

1st.  We  would  select  a  well 
known  glacier- region  such  as 
the  Alps,  and  there  for  prelimi 
nary  investigation  fix  on  a  large 
glacier,  simple  in  structure  and 
easily  accessible  such  for  ex 
ample,  as  the  lower  glacier  of  the 
Aar,  If  notalreadydone  thegla 
ciet  and  the  surrounding  moun 
tains  ought  to  be  well  surveyed 
and  mapped,  and  its  morames 
clearly  expressed 

2nd.  The  amount  of  rocky  and 
earthy  matter  forming  each  me 
dial  and  lateral  moraine  would 
require  to  be  determined  as  accu 
ratelyas  possible  probably  in  the 
manner  illustmted  by  the  accom 
panying  rough  diagram  of  an 
imaginary  glacier 

Tate  of  the  medial  moraine  marked  a  a  space  say  from  100  to 
600  yards  in  length  and  estimate  the  solid  contents  of  that  portion 
of  the  moraine.  This  should  be  done  as  near  aa  poosible  to  the  plooe 
where  the  medial  moraine  is  formed  by  the  union  of  the  two  lateral 
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moraines  x  and  y ;  for  lower  down  part  of  the  material  may  disappear 
by  falling  into  creyasses.  The  same  mnst  be  done  for  the  moraines 
h  and  c,  or  for  each  of  the  medial  moraines ;  and  also,  in  sereral 
places,  for  the  lateral  moraines  d  and  e.  Then  ascertain  the  rates  of 
the  onward  movement  of  the  glacier,  according  to  oircamstanoes,  in 
various  portions  of  its  length,  and  at  various  seasons  of  the  year ; 
and  by  these  means  will  be  ascertained  to  a  great  extent  (but  not 
precisely)  the  quantity  of  matter  carried  annually  on  the  sur&oe  of 
the  glacier  to  its  termination,  and  this  matter  will  represent  a  very 
large  part  of  the  waste  of  the  sides  of  the  mountains  mat  bound  the 
snow  and  glacier  basins  o,  p,  q,  and  the  sides  of  the  mountains  that 
bound  the  glacier  lower  down  towards  its  terminal  moraine. 

8rd.  The  chief  part  of  the  remainder  of  the  rocky  and  earthy 
matter  that  is  carried  from  the  mountains  to  the  level  of  the  glacier, 
will  pass  under  it  at  its  sides,  and  mingle  with  the  material  that  finds 
its  way  to  the  bottom  of  the  glacier  by  means  of  crevasses  and 
moulins,  and  also  with  that  which  is  the  product  of  the  erosive 
action  of  the  glacier  exerted  on  its  bed,  and  on  the  stone  blocks 
imprisoned  at  the  bottom  of  the  ice.  A  small  part  of  the  above- 
named  remainder  may  sJso  be  caught  in  the  ice,  and  imprisoned  in 
rejoined  crevasses. 

4th.  We  see  no  way  of  precisely  estimating  the  amount  of  erosion 
produced  by  the  weight  and  movement  of  the  glacier — that  is  to 
say,  the  rate  at  which  any  given  glacier  may  deepen  and  widen  its 
valley  by  pure  wearing  action,  owing  to  the  circumstances  that  the 
sediments  discharged  along  with  the  water  that  flows  from  the  end 
of  a  glacier  do  not  represent  the  amount  produced  by  mere  erosive 
force,  for  the  reason  stated  under  head  3.  But  it  is  essential  to  the 
main  question  that  correct  estimate  should  be  made  of  the  amount  of 
solid  matter  brought  from  under  the  glacier  by  the  help  of  running 
water,  and  also  of  the  amount  carried  away  by  the  continual  wasting 
of  streams  of  the  terminal  moraine. 

As  regards  the  matter  in  suspension  in  the  river,  and  also  that 
forced  along  its  bottom,  it  should  be  estimated,  if  possible,  at  a 
point  r,  just  below  where  various  streams  unite  that  flow  from  the 
ends  of  most  great  glaciers.  Where  there  is  only  one  stream  (as  in 
the  Aletsch  glacier),  the  closer  the  better.  The  operation  would 
be  very  laborious ;  for,  unless  frost  and  snow  prevented  it,  it  would 
require  to  be  done  for  every  day  in  a  year  or  years,  and  several 
times  each  day,  at  least  in  summer  and  autumn,  and  probably  in 
spring  and  winter  also.  For  example,  in  summer  the  quantity  of 
water  varies  largely,  according  to  the  heat  of  various  periods  of  the 
day;  and  it  would  probably  be  necessary  to  make  an  observation 
every  day  before  sunrise,  another  some  time  before  noon,  another 
between  four  and  six  o'clock  in  the  afternoon,  and  another  after 
nightfall ;  in  fact  sufficiently  often  to  obtain  an  average  for  each  day 
in  the  year. 

With  regard  to  the  transport  of  heavier  matter  from  the  terminal 
moraine  (which  forms  a  portion  of  this  part  of  the  subject)  by 
means  of  the  estimates  indicated  under  head  2,  assuming  that  aU 
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terminal  moraines  are  formed  chiefly  from  matter  transported  on  the 
snrface  of  the  glacier. 

5th.  If  the  forgoing  methods  are  correct,  they  might  afterwards 
be  applied  to  all  the  glaciers  of  the  Alps,  and  the  rate  of  waste  and 
transport  by  glacier  action  might  be  approximately  determined ;  and 
in  like  manner  they  might  also  be  used  for  well-known  and  com- 
paratively  accessible  moontain-ranges  like  the  Scandinavian  chain, 
the  Himalayas,  the  momitains  of  New  Zealand,  and  in  time  to  the 
Bocky  Mountains,  the  Andes,  and  others. 

6th.  But  the  above  only  forms  part  of  the  subject,  and  to  attempt 
to  estimate  the  existing  importance  of  "  ice  as  an  agent  of  geological 
change,"  the  glacier  and  glacial  phenomena  generally,  as  regards 
erosion  and  terrestrial  and  marine  transport  of  material,  must  be 
taken  into  account  in  such  regions  as  Spitzbergen,  Greenland,  and 
Victoria  Land  in  the  southern  hemisphere.  Something  on  a  small 
scale  may  be  done  in  Spitzbergen  and  the  southern  part  of  Green- 
land ;  but  at  present  we  see  no  likelihood  of  definite  observations 
being  made  on  the  western  side  of  Greenland  further  north,  and  in 
the  extreme  north  of  that  continent,  or  on  its  eastern  shores,  either 
in  respect  to  the  erosion  produced  by  its  great  glaciers,  the  effect  of 
floe  and  shore  ice,  or  the  transporting  work  done  by  the  icebergs 
that  float  southwards  from  its  shores. 

Something  is  known  of  the  general  result,  but  it  seems  very  im- 
probable, with  regard  to  the  number  and  size  of  icebergs,  and  the 
quantity  of  matter  they  bear  southwards,  that  anything  definite  is 
likely  to  be  ascertained  at  present.  The  same  remarks  bear  yet  more 
strongly  on  the  glacial  phenomena  of  Victoria  Land. 

7th.  But  when  so  much  remains  to  be  done  on  the  Alps,  and  on 
other  accessible  mountain  areas,  such  difficult  points  can  afford  to 
wait  for  the  present,  and  we  are  of  opinion  that,  perhaps,  it  is  possible, 
after  the  subject  has  been  investigated  with  regard  to  the  existing 
glaciers  of  the  Alps,  to  apply  approximately  the  same  method  to  the 
older  extension  of  the  Alpine  glaciers  during  the  last  glacial  period, 
and  to  invent  a  process  by  which  we  may  be  able,  in  some  degree, 
to  estimate  the  amount  of  erosive  waste,  and  of  transport  of  moraine 
matter  on  the  surface  of  the  great  glaciers  of  that  epoch.  Acciinite 
surveys  of  old  moraines  of  that  epoch  would  be  essential  to  this  end, 
such,  for  example,  as  that  of  the  great  moraine  of  Ivrea.  The  ex- 
tent of  the  glacier  has  been  shown  by  Gastaldi,  and  the  area  occupied 
by,  and  cubic  contents  of,  the  moraine  must  be  estimated  ;  and  if  it 
be  possible  to  feel  our  way  towards  data,  attempts  must  be  made  to 
estimate  the  amount  of  waste  of  the  moraine  going  on  at  the  time  it 
was  deposited  by  the  streams  flowing  from  the  end  of  the  glacier. 
Numerous  other  considerations  arise  from  this  extended  view  of  the 
question,  one  of  which  is,  that,  perhaps,  it  may  be  applied  to  other 
glaciated  regions  where  glaciers  no  longer  exist,  such  as  the  Vosges, 
the  Black  Forest,  Wales,  the  North  of  England.  Scotland,  &c.,  thus : 
— Given  an  area  such  as  the  Alps  and  the  Lowlands  of  Switzerland 
covered  with  glacier-ice ;  if  an  approximate  estimate  can  be  formed 
of  the  amount  of  waste  suffered  by  that  land,  due  to  glacier-action, 
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80  under  like  oironmstanoes  is  it  possible,  more  or  less  aoonrately, 
to  estimate  the  amount  of  erosions  and  other  waste  suffered  by  an 
eqaal  area  in  suoh  a  territory  as  the  North  of  Greenland  at  the 
present  day. 

In  conclusion,  any  qualified  person,  with  proper  assistance  and 
time  at  his  disposal,  could  undertake  the  preliminary  work  on  a 
Bu^gl^  glacier ;  but  to  do  what  is  necessary  to  complete  it  for  saoh 
an  area  as  the  Alps  would,  probably,  involve  national  scientific  oo- 
oi>eration. 


YI. — Db.  C.    W.   OiJMBKl's   BSSIBABOHES   IN   FossiL  FOBAMXinrXBA 

AND   EnTOHOSTBAOA. 

g  J  A  MONG  the  additions  lately  made  to  our  knowledge  of  the 
8  *  jl\.  Microzoa  of  past  times,  we  have  especially  to  notice  two 
works  by  Professor  Dr.  C.  W.  Giimbel,  Bergrath,  etc.,  of  Munich. 
In  one  of  these  memoirs  we  have  a  monograph  of  the  Foraminifera, 
associated  with  Nummulites  in  the  Kressenberg  Nummulitic  Strata, 
or  Lower  Eocene  beds,  of  the  North  Alps.* 

The  Geology  of  the  Bavarian  Alps  and  their  Nummulitic  Strata 
was  described  by  Dr.  Giimbel  in  his  Geognostische  Beschreibung 
der  bayeriscben  Alpen  in  1861 ;  but  at  that  time  few  Foraminifera 
besides  the  Nummulites  bad  been  detected  in  these  strata.  He  now 
explains  how  further  research  has  discovered  immmerable  Microzoa 
in  the  marls  and  limestones,  under  difierent  conditions, — ^looee, 
compact,  and  as  siliceous  casts. 

Dr.  Giirabers  carefully  drawn  plates  illustrate  the  Foraminiferal 
fauna  of  the  Kressenberg  Strata,  excepting  the  Nummulites.  This 
fauna  approaches  in  general  aspect  tliat  of  our  London  Clay,  and  of 
the  Septariura-clay  of  Hermsdorf  (Prussia),  but  difiers  from  either 
in  the  abundance  of  Orbitoidea,  OpercvlincB,  and  NummtdiruB.  HeU' 
rostegina,  Calcarina,  and  Alveolina  are  also  associated  with  these,  and 
are  very  rare,  or  absent,  in  the  two  Eocene  formations  mentioned 
above,  which,  on  their  part,  are  not  deficient  in  MiliolaB^  a  group  not 
represented  in  Dr.  Giimbers  Bavarian  plates.  The  Bracklesham 
sandy  beds,  with  their  abundant  AheoUncB  and  Nummulina  are,  of 
course,  the  well-known  equivalents  of  these  true  Nummulitic  lime- 
stones and  marls  ;  but  they  have,  in  other  respects,  a  poor  Forami- 
niferal fauna,  though  they  add  abundance  of  Mtliola  and  Diiscorhina 
turbo  to  the  list.  The  Grignon  beds  (Lower  Tertiary)  are  both 
Miliolitic  and  Nummulitic,  and  have  many  of  the  Bavarian  speGiee, 
together  with  a  great  variety  of  others,  not  met  with  in  the  Northern 
Alps  by  Dr.  Giimbel  and  his  associates.  A  monograph  of  the 
Foraminifera  of  the  Parisian  Tertiaries  is  much  wanted. 

The  Middle  Tertiaries  of  Vienna,  as  represented  by  D'Orbigny, 

*  Beitrage  zur  Foraminiferenfauna  nordalpincn,  alteren  Eocangebildc  odcr  dcr 
Kressenbcrger  Nummulitenschichten.  4to.  Munich,  1868.  Extracted  from  the  Traos* 
actions  of  the  Royal  Bavarian  Academy  of  Sciencea,  CI.  2 ;  yol.  x.,  Part  II.,  pp. 
681-730.    With  four  plates. 
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SemsB,  and  Gzjzeck,  liave  many  of  the  Bayarian  Eooene  Foraminifeia, 
bat  are  deficient  in  Orbttoides  and  Nwnmtdina;  AmphtBtegina  pre- 
dominating instead,  with  MiliolituB,  J^oiyvMrphirHB,  etc.  The  Malaga 
Olaj  alflo,  and  most  of  the  Sabappenine  Beds,  yield  in  abundance 
oeTeral  of  the  forms  figured  by  Dr.  Gumbel,  especially  the  Nodo- 
sarm^  and  these  of  larger  growth;  and  the  existing  representatives 
of  nearly  all  the  speeies  are  found  plentifully  in  the  Australasian 
and  other  warm  seas.  In  fact,  as  long  ago  observed,  it  is  mainly  to 
Australia  and  the  neighbouring  regions  that  we  have  to  look  for  the 
snccesBors  of  the  beautiful  Foraminifera  of  the  Orignon  and  other 
Tertiary  sea-beds  ^of  Europe. 

In  the  Scindian  equivalents  of  the  European  Nummulitic  beds, 
OrhUoideSy  AheoUruB,  etc.,  abound  as  in  Bavaria  ;  and  Orbitoidea  are 
abundant  in  the  West-Indian  Middle  Tertiaries,  though  rare  or 
wanting  in  their  European  equivalents. 

Of  the  several  groups  of  Foraminifera,  arranged  according  to 
Carpenter  and  other  English  Bhizopodists,  the  Bavarian  list  before 
us  snpplies  the  followiiig : — 

MiLiOLiDA :  Camugpira,  1  (probably  a  Trochammtrui)  ;  Alveoltna^ 
1.  LrrnouDA :  Trochammina,  1  (?) ;  Lituola  {Haplophragmium),  1. 
Laovnida:  Lagenay  4;  GlanduUna,  1;  Lingvltnaj  2;  Nodoaaria,  24; 
Denialina,  14 ;  Vagintdina,  3 ;  Marginvlina,  7 ;  Criatellaria  (and 
Bobtdina),  16  (NodoaarincBj  71) ;  Orthocerina  {Bhahdogontum),  1 ; 
Uvigerina,  1 ;  Polymorphtna  (and  GlohuUna),  5.  Globigerinida  : 
QlMgerina,  4:;  Claculinay  1;  Gatidryinay  2;  Pleeantum,  2;  VentUnaf^ 
2;  Textilaria,  1  {TextilnrincBy  8);  Virgtdina  (Pleuroatomella),  1; 
Discorhma,  2 ;  Planorbulina  {Botaliay  Roaalina,  Truncaitdtna),  15  (?)  ; 
PulvinuUHa  {Rotalia  and  Boaaltna),  8  ;  Calcartnay  1.  Nummulinida  : 
Operctdinay  3  ;  Nnmmtdina,  16  (not  figured)  ;  Heteroateginaj  1  ; 
Orbiioideay  20. 

It  seems  probable  that  further  research  will  supply  more  of  the 
Miliolida,  if  not  of  some  other  groups  also,  to  bring  up  this  list  of 
genera  to  the  usual  complement  of  such  a  Khizopodal  Fauna  as  the 
above  abstract  indicates  to  have  existed  in  the  Nummulitic  Sea. 

As  of  interest  to  Bhizopodists,  it  may  be  well  hero  to  point  out 
the  probable  relationship  of  the  BotaUncB  treated  of  by  Dr.  Giimbel, 
who  groups  them  mostly  in  an  old-fashioned  manner,  as  Rotalia, 
BoaalinGy  and  Truncattdina.  1.  Discobbina  :  1).  polyaphcerica,  pi.  2, 
f.  95;  D.  megaaphcBrica,  f.  96  {=  D^,  globigerinoideSj  Parker  and 
Jones).  2.  Planobbulina  :  Rotalia  megomphalus,  f.  94  bis ;  Rot. 
pteromphalia,  f.  88;  Truncattdina  kallomphaliay  f.  102  (these  three 
are  near  PL  Haidingeri)  ;  R,  truncana,  f.  43  (near  PL  Ungeriana) ; 
Rot,  capitata^  f.  92 ;  Rosalina  rudis,  f.  99 ;  Truncat,  graasertigoaa, 
p.  104  (these  three  are  very  near  to  PL  ammonoides,  if  not  identically 
the  same) ;  (subgenus  Tbunoatulina)  Rot,  ammophilaj  f.  90 ;  Rot, 
macrocephala,  f.  91 ;    Truncat,  aublobatula,  f.  103 ;    Rot,  cochleata, 

*  Dr.  Gutnbel  baa  instituted  the  new  genus  Venilina  for  those  Teitilarian  forms 
tiliat  commence  with  an  alternate  series  of  compressed  oblique  segments  {Orammo** 
iomum)^  and  end  in  a  single  series,  such  as  the  bi-uniserial  sub- varieties  mentioned  in 
Ann.  R,  H.,  ler.  8,  toL  zi.,  p.  93. 
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f.  94 ;  Bob.  calymene,  f.  100 ;  TrunecU.  cristata,  f.  106  (the  first 
three  are  near  the  common  TV.  lohaiula ;  the  last  three  are  near  2V. 
coranata,  and  indeed  the  last  one  is  almost  the  same).  BoL  eoeaema, 
f.  87,  and  Boa.  subumbonata,  f.  98,  are  also  possibly  PlanorhuUwB. 
PuLTiNULiNA :  Bot.  btmamata^  f.  85 ;  Boi.  campaneUti,  f.  86 ;  Bob. 
osieriteB,  f.  101  (==  Pulv,  MenardU,  deep-sea  form).  It  is  difficult 
to  place  Botalia  polt/gomata,  f.  89.  No  true  Botdlia  is  figured 
among  the  above. ^ 

The  monograph  on  Orhitoidea,  forming  part  of  Dr.  Gumbel's 
Memoir  (pages  670-725),  and  illustrated  by  plates  3  and  4,  and  part 
of  pi.  2,  is  very  welcome. 

§  n.  In  the  *'  Jahrbuch  der  kais.  konigL  geologischen  Beichsan- 
stalt,  1869,  vol.  xix.,  pages  175-186,"  Dr.  C.  W.  Giimbel  has  giv^ 
a  notice  of  the  Foraminifera,  Ostracoda,  and  other  microscopic 
organic  remains  found  in  the  Saint-Cassian  and  Raibl  formations. 
From  these  beds  of  the  Upper  Trias,  Prof.  A.  E.  Reuss  had  pre- 
viously noticed '  some  Foraminifera  (OlanduUna  obcanicaf  CristeUariti, 
Marginulina,  Glohigertna,  Polymorphtna,  Textilaria,  Comuapira  fiU- 
formisy  and  Biloctdina;  also  two  Entromostraca,  Oythere  Coftsiana 
and  Cytherella  Itmbata,  Dr.  Giimbel  now  describes  and  figures, 
from  the  Cardita-crenata  beds,  three  DentalifUB  (of  the  universal  2>. 
commvnis  type),  D.  korynephora,  D.  Caasiana,  and  D.  tranamonUma; 
Qlandulina  pupiformia ;  CriateUaria  Caaaiana  (of  Or.  roivijata  type)  ; 
PolymorphxnaY  longiroatrata;  Comuspira  [or  Trochammna]pachffgyra ; 
and  Botalia  Caaaiana,  which  is  a  Pultnnulina,  near  to  Pulv.  KarBteni, 
Beuss,  sp.  Minute  calcareous  plates  of  Echinoderms,  <&c.,  accompany 
these ;  also  Bairdia  Caaaiana^  Beuss,  sp.,  and  B.  Marrvhiana. 

From   Baibl    (the   Myophoria-BaihUana   beds)    Dr.  Giimbel  has 
Nodoaaria  Baibliana  (of  the  common  N,  raphanua  type),  Lingviina 
intumeacena,  Planularia  pauperata,  P.  and  J.,  Gutttdina  ?  Baibliana 
(a  common  Polymorphina) ,  Triloculina  Baibliana  (like  Tr.  oblonga), 
and  some  of  the  St.-Cassian  forms.     Also  the  following  Ostracoda : 
1.   Cytherella  Baibliana;    2.   C.  aubcylindrica,  Sandberger,  sp. ;    8. 
Bairdia  Carinthiaca ;   4.  B,  perlata ;  5.    Cy there  Baibliana  ;  and  6. 
C.  tuberculifera.      C.  fratema,  Beuss,  from   Baibl,  had   been  pre- 
viously published.     The  generic  relationships  of  nearly  all  these  are 
very  doubtful.     No.  2  looks  somewhat  like  a  Limnicythere ;  No.  3  does 
not  look  like  a  Bairdia ;  nor  does  No.  4  (probably  a  Loxoconcha), 
No.  5,  a  very  neat  form,  has  possibly  some  alliance  with  Cytheropteroi^ 
No.  6  is  strange ;  it  may  be  allied  to  Cytherella^  and  so  may  No.  2, 
as  suggested  by  Giimbel.'     (7.  fratema  seems  to  be  a  Cytherella. 

*  The  Hotalina  have  been  especially  studied  by  Mr.  W.  K.  Parker,  and  !» 
claasification  and  definitions  may  be  found  in  C»rpenter's  "  Introd.  Study  of  Fortm.," 
and  in  the  **  Phil.  Trans./'  vol.  civ.  (1866),  p.  378,  etc.  To  these  wi.rks  the  atten- 
tion of  naturalists,  treating  of  fossil  and  recent  Botalines,  should  be  particularly 
directed. 

■  Sitzung.  Akad.  Wisscnsch.  Wien,  vol.  Ivii.  p.  26,  &c. 

*  The  palseontolodst  has  now  a  broader  and  firmer  base,  than  heretofore,  for  hii 
comparisons  of  fossil  Ostracoda  with  the  existing  forms,  in  the  late  Memoirs  on  tin 
living  genera  and  species,  by  Mr.  G.  S.  Brady ;  in  the  Transactions  of  the  Zoologied 
•ndLinnean  Societies;  the  '*  Annals  of  Is'at.  Hist. ;"  the  "Fonda  de  la  Mer/' etc 
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These  remnants  of  the  Triassic  fauna,  taken  together  with  other 
micTossoa  of  Triassic  and  Bheetic  age,  published  by  Sandberger,  Reuss, 
Ton  Seebach,  Jones  and  Parker,  von  Schauroth,  Peters,  and  Schwager, 
certainly  extend  our  view  of  the  Marine  Zoology  of  that  early 
Mesozoic  period ;  but  still  offer  no  forms  of  life  widely  different 
from  the  present  microzoic  inhabitants  of  the  sea. — ^T.  B.  J. 


VJLL — ^Rkview  of  thk  CoNTBiBtJnoNS  TO  Fossil  Botany 
Published  in  Bbitain  in  1869.' 

By  William  Carbuthbrs,  F.L.S.,  F.G.S.,  of  the  British  Museum. 
Daring  the  year  the  following  papers  have  been  published : — 

Baily,  W.  H. — ^Notice  of  Plant-remains  from  Beds  interstratified  with  the  Basalt 

in  the  County  of  Antrim.    Quart.  Joum.  Geol.  Soc.,  vol.  xxv.  pp.  397-362, 

pL  xiv.  and  xv. 
Th«sse  beds  occur  under  similar  conditions  to  those  in  the  Island  of  Mull,  and 
contain  a  series  of  allied  fossils,  chiefly  dicotyledonous  leaves  and  fruits ;  wood, 
follafc,  and  cones  of  Conifera ;  and  leaves  of  endogens.     They  are  considered  to 
bew  Miocene  age. 
Brongniart,  a. — Notice  of  a  Fossil  Lycopodiaceous  Fruit     (Translated  from 

the  "Comptes  Rendus,"   August,    1S68.)    Joum.  Bot.  vol.  vii.  pp.  3-8; 

Ann.  Nat.  Hist.  ser.  4,  voL  iii.  p.  74. 
The  author  had  obtained  a  complete  specimen  of  the  cone  described  from  the 

S)pcr  portion  by  Robert  Brown,  under  the  name  Triplosporites.     He  shows  that 
e  lower  portion  contains  macrospores  and  the  upper  microspores,  as  in  the  recent 
genus  Sdagindla, 

Carruthsrs,  W. — On  some  undescribed  Coniferous  Fruits  from  the  Secondary 
Rocks  of  Britain.     Geol.  Mag.  Vol.  VI.  pp.  1-7,  pi.  i.  and  ii. 
Several  species  are  described,  and  the  views  of  M.  Pomel  regarding  Braehy- 
pkyUum,  etc.,  are  examined,  and  his  family  Lepidocarpiea  shown  to  be  based  on 
erroneous  interpretation. 

On  Beania,  a  New  Genus  of  Cycadean  Fruit  from  the  York- 
shire OoUtes.    Geol.  Mag.  Vol.  VI.  pp.  97-99,  pi.  iv. 
A  fruit  nearly  allied  to  the  cone  of  Zaniia,  but  having  the  scales  scattered  over 
the  axis,  so  as  to  form  a  loose  spike. 

— On  the   Plant-remains  from   the  Brazilian   Coal-Beds,  with 

Remarks  on  the  Genus  FUminptes,     Geol.  Mag.  Vol.  VI.  pp.   151- 156, 
pi.  v.  and  vi. 
Three  Palaeozoic  species  are  described.     From  the  materials  from  Brazil,  a  more 
complete  diagnosis  of  FUmingites  is  given,  and  its  affinities  examined. 

■  The  Cryptogamic  Forests  of  the  Coal  Period,  being  a  lecture 
before  the  Royal  Institution  of  Great  Britain.     Proc.  Roy.  Inst.,  and  Geol. 
Mag.  Vol.  VI.  pp.  289-300 ;  woodcuts. 
An  attempt  to  show  the  relation  between  the  Palaeozoic  and  existing  vascular 
Cryptogams. 

On  the  Genus  Knorria.    Joum.  of  Bot.  vol.  vii.  pp.  153-15$, 

pL  xciii. 
Showing  that  this  genus  is  based  upon  casts  of  the  interior  of  Lepidodendroid 
stems. 

— — ■^—  On  the  Structure  of  the  Stems  of  the  Aborescent  Lycopodituett 
of  the  Coal  Measures.  No.  I.  Lepidodendron  sdaginoides^  Sternb.  Month. 
Micro.  Joum.  vol.  u  pp.  1 77-1 81,  pi.  xxvii. 

Ditto.     Ditto.     No.  II.     Ulodendron  minus ^  Lindl.  and  Hutt. 


Month.  Micro.  Joum.  vol.  i.  pp.  225-227,  pi.  xxxi. 

*  We  reprint  this  important  paper  from  Seemann^s  Journal  of  Botany  for 
March,  187a 


1 8S  Reviews.'^  Carruthers  an  Faml  Botany. 

The  author  proposes  to  describe  the  minute  structure  of  these  sterna^  and 
compare  them  with  recent  structures.     Two  forms  are  described  in  these  papers. 
Carruthers,  W.— On  the  Structure  and  Affinities  of  .Si^i^na  and  alfied  Genera. 
Quart.  Joum.  Geol  Soc.  toL  xxv.  pp.  248-254,  pi.  x. 

The  structure  of  the  known  parts  of  this  genus  is  described,  and  it  it  lefcrred  to 
LycopodiatecB, 

CoEMANS,  £uG. — Note  sur  la  Famille  des  Equis^tac^es.    Joum.  Bot  voL  Tii.  pp. 

337-340- 
The  author  reviews  the  different  parts  of  Calamites  which  haye  received  separate 

names,   and  unites  them  mider  four  genera, — Calamites^    Annulariti,  Spheno^ 

phyllufitt  and  Phyllotheca^ — in  the  suborder  CalamiUa  of  Equisdacea, 

Dawson,  J.  W. — On  Calamites,    Ann.  Nat.  Hist.  ser.  4,  voL  iv.  pp.  272,  273. 

The  author  confirms  the  views  of  M.  Grand'Eury,  but  in  two  points  his  obser- 
vations differ  from  those  of  M.  Grand'Eury.  None  of  his  speomens  had  long 
rhizomes,  the  secondary  stems  budding  almost  directly  from  the  pnmaiy ;  and  he 
has  found  leaves  in  connection  with  three  species. 

Grand'Eury. — Observations  on  Calamites  and  Asteropkyllites,  (Translated  from 
the  "  Comptes  Rendus,"  March,  1868.)  Ann.  Nat  Hist  ser.  4,  voL  iv.  pp. 
124-128. 
From  observations  on  upright  Calamites  in  the  coal-measures  <of  the  Loire,  he 
describes  this  genus  as  having  creeping  rhizomes  ;  articulated,  fistular,  and  septate 
stems  ;  the  thin  outer  portion  of  which  consists  of  (i),  an  exterior  cortical  layer, 
now  converted  into  coal ;  (2),  a  thin  layer  of  vascular  tissue,  now  invariably 
destroyed ;  and  (3),  a  sort  of  inner  lining  of  epidermis,  which  is  carbonified.  The 
flutings  are  on  the  outer  surface  -of  the  thin  vasctdar  cylinder.  There  is  no  evident 
trace  of  the  insertion  of  leaves.  The  greater  number  of  AsterophylUtes  he 
considers  as  belonging  to  other  stems  than  Calamites^  and  for  them  he  proposes 
the  name  CalamophylliteSy  and  distinguishes  them  from  Calamites  as  having 
articulate,  very  certainly  hollow,  and  septate  stems,  of  herbaceous  nature,  and  not 
always  regularly  striate ;  leaves  caducous,  situated  above  the  articulation  ;  and 
caducous  branches  rising  above  the  articulations  in  the  axils  of  the  leaves. 

Hancock,  A.,  and  T.  Atthey, — On  some  curious  Fossil  Fmigi  from  the  Black 
Shale  of  the  Northumberland  Coai-^eld.     Ann.  Nat  Hist  ser.  4,  voL  iv. 
pp.  221-228,  pi.  ix.  andx. 
The  authors  describe  a  number  of  lenticular  bodies  from  the  Cramlington  bkck 
shale,  which,  from  their  resemblance  to  Sclervtium  stipiiatum^  Berk,  and  Curr., 
thev  consider  to  be  Fungi.     These  fossil  bodies  are  supposed  by  Messrs.  Hancock 
and  Atthey  to  be  fully -developed  plants,  producing  spores,  and  xelated  to  the 
higher  Fungi,    The  authors  have  overlooked  the  fact  that  this  "doubtful"  (Berk.) 
production,  which  led  them  to  take  this  view  of  these  bodies,  is  only  a  mycelium' 
tuber,  the  fructification  of  which  is  yet  unknown.     Five  species  are  described. 
Hicks,  H.— Notes  on  a  Species  oi  Eophyton  (?)  from  the  Lower  Arenig  Rocks  of 
St.  David's.     Geol.  Mag.  Vol.  IV.  pp.  534,  535,  pi.  xx. 
It  is  very  doubtful  whether  this  fossil  belongs  to  the  vegetable  kingdom.    The 
large-sized  continuous  tubes  of  which  it  is  <composed  are  unlike  plant-structure. 

LiNNARSSON,  J.  G.  O.  —On  some  Fossils  found  in  the  Eophyton  Sandstone  at 

Lugnas  in  Sweden.     (Translated  from  the  Danish  Roy.     Acad.    Ofversigt 

for  March,  1869.)    Geol.  Mag.  Vol.  VI.  pp.  393-406,  pi.  xi.-xiii. 

Some  additional  forms  of  the  impressions  from  these  ancient  beds  are  figured 

and  described,  establishing  that  they  represent  plants  of  a  high  organization,  most 

probably  monocotyledonous,  as  supposed  by  Torell. 

Mahony,  J.  A. — On  the  Omanic  Remains  found  in  Clay  near  Crofthead,  Renfrew- 
shire.   Geol.  Mag.  Vol.  VI.  pp.  390-393. 
The  author  enumerates  the  following  recent  plants  as  found  in  stratified  beds  of 
sand  and  mud,  intercalated  with  Boulder-clay,  viz. : — 3  species  of  Desmidat^  31  of 
Diatomcuea^  10  of  Afusci,  9  of  Phanero^amia, 

Nicholson,  H.  A.— On  the  Occurrence  of  Plants  in  the  Skiddaw  Slates.    Geol* 
Mag.  Vol.  VI.  pp.  494-498,  pi.  xviii. 
The  author  figures  and  describes  four  fossils,  which  he  thinks  most  probably 
plants. 


Bmem9. — CamOiert  cm  FomuI  BatoMj^.  18S 


Waxkltx,  A.->DeKiiptiaB  of  khk  Xev  Spedes  of  FosbI  Fens,  froB  tke 
BuuiiMiiuiUli  LodHxd.     Am.  nl  M^.  Nat.  Hist.  ser.  4,  voL  m.  pp. 
ia-12,  pL  L 
Tke  FecK  «e  fse  ai  dne  beds.    Fov  teas  are  lifned,  tvo  probablf 
Mimmtml  of  a  spedes  of  Cymfkm,     Tbe  ockecs  lepraealtvo 
of  Giiicknnmcm^  far  vUdk  tbe  aa^Mr  pioposes  the  gcaas  JMsr^msifia^ 
BBSt,  iweiq,  be  sel  asaie,  as  it  exactif  agrees  vith  I>ebeT  aad  Ettiass- 
'  s  0!jiBk  DtdywtmttnUf  cnniiiwiag  tihiee  plants  finoan  tbe  Cidaceoas  beds  01 


WiLUAMSQV,  W.  C— Ob  tbe  Stxactve  of  tb&  W^dj  Zone  of  an  aadescribed 

fcna  of  CalaMfr     Mem.  LiL  and  fbiL  Soc  Maadi.  scr.  5,  red.  it.  pp.  155- 

1S3.  pL  i.-T. 

Tbe  Hxiiwea  is  dabonielj  described,  aad  &e  eeaas  Cslsmufifus  is  ctf^bWiffd 

fer  tbose  Ibnas  of  CilaaMtr  *^iB  vbidi  tbe  voodj  flfmnit^  consist  of  reticalated 

lajSy  aad  bariag  denials  of  medullary 


Aa^dcmal  Notes  on  tike  Scractare  of  CaJamita:  Abstzact 


Froc,  U/L  aad  FUL  Soc  Ifaacb.  voL  tuL  pp.  153-155- 
Tbe  aatbor  is  sitfisfied  that  tbe  stem  bad  aa  exogeiKws  grcnrtb,  vitb  cxypto- 


Qa  a  Xev  Fona  of  Cahmitxaii  Strsii/mj :  Abstiact.    IVoc 
LiL  and  FbiL  Soc  Haacb.  vol.  is.  ppu  7-9. 
TVs  6ait  is  unyuMd  to  beloag  to  tbe  aatbor  s  geass  C^Umt^fihu^  and  difcs 
from  tbe  VMmmmmia  dcaciibed  ia  Joaia.  BoL  toL  t.  p.  349,  in  dte  sponi^ia  beiag 
•uppuited  oa  a  sporaagiopbore  risiag  from  tbesufikoe  of  tbe  scales. 

On  tbe  Stnictxire  aad  ASnities  of  some  Exogcnoas  Stems 


from  tbe  Coal-mcasores.     Moatfa.  Micr.  Jocm.  roL  L  pp.  66-72,  pL 
A  new  genus  ( Dicty>e'xylan )  is  fstiMxhed  for  the  exogenous  stems  of  tbe  coal- 
wbose  tissoes  are  mmpoised  of  reticulated 


Synapsis  of  the  Genera  and  Species  described  in  the  preceding  Papers. 
Fuxci  ? 

Ardkegmric^m  hmlhcamm^  gldidiierum^  rmdiaimpn^  dtmJn:xrmai^  c^ngi^m^rmlmm^ 
Hancock  and  Attbcr,  Axm.  NaL  Hia.  scr.  4,  voL  ir.  p.  226.  Cur^mferams. 
Cnmliagtca^  XorrhamhrriancL 

FiLICSS. 

MerUnsita  Hant^mennx,  Wanklrn  Didrme'^rm,  Deb.  a=i  Ettin^s.^,  -\im.  Kat 

Hist.  xkA.  in.  ser.  4,  p.  10 ;  pL  L  ^s.  i  a-g.     Exm.r,     Bo«imen:o::th. 
M.  crenatA,  Wanklrn  '  Indynws^nu,  Deb.  and  Enta^),  L  c  p.  1 2  ;  pL  L  fig.  3. 


X^e^geratkia  tia/sstU^  Carr.  Geol.  Mac.  VoL  VI.  p^  154;  P^  ▼"-  fig-  >•     ^'*''* 

hcnifemu.     Rio  Grande  do  Sol,  BraziL 
Odouiofetru  Plamhama^  Carr.  L  c.  p.  i>4 ;  P"  tL  fig-  2  and  3.     Carh9mjerems. 

Rio  Grande  do  Sol,  BraxiL 
Equisetacea 

Cclamitn.    Jonm.  Bot  toL  tiL  p.  337  ;  Ann.  NaL  HisL  roL  ir.  pp.  124,  271. 
Calamcfttus,  WilliamsoB,  Mem.  aad  Proc  LiL  and  PhiL  Soc  Mandi,  voL  iz. 

P-7- 
Cal4MtmfpkyUiies^  Grand 'Enxy,  Ana.  Nat.  Hist.  voL  nr.  p.  124. 

LTOOPODIACE.C 

Kncrria.    Joom.  Bot.  toL  tiL  p.  153  ;  pL  xciii, 

SigUtaridu     Quart.  Jour.  Geol.  Soc  voL  zxt.  p.  24S  ;  pL  z. 

TriptMpffrUa  Bfvwnzi,  Brong.  Joom.  Bot-  toI.  tu.  p.  3.     Carhomiferous,   Fnim 

tbe  Drift,  Volpe,  Haate-Garoone,  France. 
FUmim^des  Ptdroamms^  Carr.  GlOl-  Mag.  VoL  \X  p.  151  ;  pL  ▼.  Cartcm/rrvms. 

Rio  Giaade  do  Sal,  BraxiL 
Lefidcstrobus  selaginotdts,  Stcrab.    Mootb.  Micr.  Joum.  toL  L  p.  177  ;  P^  zxm. 

Ca  f  ^mi/JToms.     Hali£uL. 
aUdemdnm  mtmus,   LiadL   and  HntL  L  c  p.  225;  pL  zxzL      Cariomsfin 

Bradlbfd. 


184  Reports  and  Proceedings. 

MONOCOTYLEDONES  ? 

EophyUm  Linnaanutn  Torell,  Geol.  Mag.  Vol.  VI.  p.  399 ;  pL  zi.  figs.  3  and  4* 

pL  xii.    Lower  Cambrian.     Lugnas,  Sweden. 
E^  Tordli,  Linnars.  L  c  p.  402;  pi.  xiii.    Lower  Camhian,    Lugnas,  Sweden. 
E.  (f)falmatum,  Nich.  Geol.  Mag.  Vol.  VL  p.  497  ;  pi  xviii.  fig.  c  Uandeilo. 

Barn,  Keswick. 
E,  {?)  explanatum.  Hicks,    Geol.  Mag.  Vol,  VI.  p.  $3$;  pl«  «.     Arenig, 

Ramsey  Island,  St.  David's. 

CYCADEiE. 

Beania  gracilis^  Carr.  Geol.  Mag»^  Vol.  VI.  p.  97  ;  pi,  iv.    Odite.   Scaiborongfa. 

CONIFERiC 

Dktyoxylon   Oldhamium^   Williamson,   Month.   Micr.  Joum.   vol.  L  pp.  70. 

Carboniferous.     Lancashire. 
Pinites  Leckenbyi^  C&rr.  Geol.  Mag.  VoL  VI.  p.  a ;  pi.  L  fig.  1-5.    Lower 

Greensand.     Shanklin,  Isle  of  Wight 
P.  gracilis^  Carr.  1.  c.  p.  2  ;  pi.  L  fig.  9.     Gault.    Folkestone. 
P.  gracilis,  Carr,  1.  c.  p.  2 ;  pi.  ii.  Sg.  ID.     Kimmerid^e  Clay.    Weymouth. 
P,  PltUonis,  Baily,  Quart.  Joum.  Geol.  Soc.  vol.  xxv.  p.  360 ;  pi.  zv.  fig.  I,  2. 

Miocefie,     Antrim. 
Araucarites  Brodiei,   Carr.    Geol.   Mag.   VoL   VI.  p.  3 ;   pL   IL   figs.    1-6. 

Stonesfield  Slate.     Stonesfield. 

A.  Phillipsii,  Carr.  L  c.  p.  6 ;  pi.  ii.  fig.  7-9.     Oolite.    Yorkshire. 
Sequoiites  Gardneri,  Carr.  1.  c  j>.  7  ;  fig.  7  and  8.     Gault,    Folkestone. 

S.  Du-Noyeri,  Baily,  Quart.  Joum.  Geol.  Soc.  vol.  xxv.  p.  361  ;  pi.  zv.  fig.  4. 

Miocene.     Antrim. 
Cupressites  MacHenrici^  Baily,  1.  c.  p>  361  ;  pi.  xv.  fig.  5.     Miocene.    Antrim. 

Dicotyledones. 

Mr.  Baily  refers  the  leaves  found  in  the  Miocene  beds  of  Antrim  to  Piatanus  f, 
Fagus?t  Andromeda  ?f  Quercus?^  and  Rhamnus?,  Quart.  Joum.  vol.  xxv.  p. 
361  ;  pi.  xiv. 

iNCERTyC  SEDIS. 

Rhysopkycus  dispar,  Linnars.  Geol.  Mag.  Vol.  VI.  p.  403.    Lower  Cambrian, 

Lugnas,  Sweden. 
Buthotrephis  Harknessii^  Nich.  Geol.  Mag.  Vol.  VI.  p.  495  ;  pi.  xviii.  fig.  A. 

Llandeilo.     Thomship  Beck,  Shap. 

B,  (?)  radiata,  Nich.  1.  c.  p.  496  ;  pi.  xviii.  fig.  B.    Llandeilo,     Thomship 
Beck,  Shap. 

Geolooioal  Society  of  London. — I.  Annual  General  Meeting, 
February  IStli,  1870.—  Prof.  T.  H.  Huxley,  LL.D.,  F.R.S.,  Presi- 
dent, in  the  Chair.  The  Secretary  read  the  Reports  of  the  Council,  of 
the  Library  and  Museum  Committee,  and  of  the  Auditors.  The 
general  position  of  the  Society,  as  evinced  by  the  state  of  its  finances, 
and  by  the  continued  increase  in  the  number  of  its  Members,  was 
stated  to  be  very  satisfactory. 

In  presenting  the  Wollaston  Gold  Medal  to  John  Evans,  Esq., 
F.B.S.,  for  transmission  to  M.  G.  P.  Deshayes,  the  President  spoke 
as  follows : — 

I  request  you  to  transmit  the  Wollaston  Medal  for  this  year  to  H. 
Deshayes,  as  an  expression,  on  the  part  of  the  Geological  Society,  of 
the  high  estimation  in  which  his  services  to  Palaeontology  and 
Geology,  especially  in  regard  to  the  classification  of  the  Tertiaiy 
forma,\koji,  are  held  by  the  geologists  of  this  country. 
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Six  years  ago  the  (TouncO  of  this  Society  demonstrated  the  in- 
terest which  it  took  in  M.  Deshayes's  Taluahle  investigations,  by 
awarding  him  the  Donation-fund.  Now  that  those  researches,  com- 
menced just  fifty  years  i^,  are  completed,  and  the  labours  of  a  life 
devoted  to  science  are  crowned  by  the  publication  of  five  great 
▼olumes,  containing  descriptions  and  figures  of  all  the  Mollusca  of 
the  Paris  Basin,  it  has  seemed  to  the  Council  a  fitting  opportunity  for 
bestowing  the  highest  honour  at  its  disposal  upon  the  pupil,  editor, 
and  oontinuator  of  Lamarck,  and  the  worthy  successor  of  his  great 
master  in  the  Chair  of  Natural  History  in  the  Museum  d'Histoire 
Naturelle. 

Mr.  Evans  read  the  following  reply,  on  behalf  of  Prof.  Ansted, 
F.RS.,  the  Foreign  Secretary  of  the  Society,  who  was  unavoidably 
absent: — 

I  have  the  honour  to  acknowledge,  on  the  part  of  M.  Deshayes, 
the  award  of  the  Woollaston  Medal,  and  in  forwarding  to  him  this 
mark  of  the  estimation  in  which  his  labours  are  held  among  English 
geologists,  I  will  not  fail  to  communicate  the  observations  you,  Sir, 
as  lepresentiag  the  Society,  have  thought  fit  to  express. 

It  is  much  to  be  regretted  that  M.  Deshayes  is  not  present  in 
person  to  receive  this  Medal,  and  assure  you  of  the  extent  to  which 
he  appreciates  it.  On  three  occasions,  the  first  no  less  than  thirty- 
four  years  ago,  he  received  the  award  of  the  proceeds  of  the  Wollaston 
Donation-fund  to  assist  him  in  those  long-continued  researches  of 
which  we  have  lately  received  the  completion,  in  the  publication  of 
the  last  volume  of  the  work  with  which  his  name  will  always  be 
connected.  Placed  in  a  district  rich  in  an  extraordinary  degree 
in  fossils  of  one  geological  period,  he  has  devoted  himself  to  the 
study  of  one  important  group  of  these  fossils  ,*  and  how  well  he  has 
succeeded  his  recent  appointment  to  the  Chair  of  Lamarck  in  France, 
and  the  award  of  the  Wollaston  Medal  in  England,  afford  sufficient 
illustration. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Wollaston  Donation-fund  to  Mr.  Evans,  for  transmission  to  M. 
Marie  Kouault,  Keeper  of  the  Geological  Museum  at  Hennes,  in  aid 
of  his  researches  upon  the  Palaeontology  of  the  Devonian  and  Silu- 
rian Bocks  of  Brittany,  and  expressed  himself  as  follows  : — 

The  cosmopolitanism  of  science  is  well  illustrated  by  the  fact  that 
all  the  honours  at  our  disposal  this  year  are  gladly  and  willingly 
accorded  to  foreigners.  The  Wollaston  Medal  has  gone  to  M. 
Deshayes.  The  Fund  has  been  awarded  by  the  Council  to  another 
member  of  the  same  great  nationality,  M.  Marie  Eouault,  who, 
working  under  difficulties  and  discouragements  such  as  those  which 
beset  the  early  life  of  our  own  Hugh  Miller,  has  made  most  im- 
portant contributions  to  our  knowledge  of  the  fauna  of  the  oldest 
paksozoic  rocks  of  France. 

Mr.  Evans  read  the  following  acknowledgment  on  behalf  of  Prof. 
Ansted : — 

In  returning  thanks  on  the  part  of  Monsieur  Kouault  for  the 
grant  of  the  balance  of  the  proceeds  of  the  Wollaston-fund,  I  will 
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take  the  opportunity  of  saying  a  few  words  oonoeraing  the  nature 
and  extent  of  the  scientifio  work  exeonted  by  this  hardy  and  per- 
seyering  geologist  in  his  own  most  difficult  country. 

Monsieur  Bouault  is  one  of  those  men  who  are  independent  of, 
and  rise  above,  all  distinctions  of  class.  Self-educated,  in  the  atxiotest 
sense  of  the  term,  a  collector  of  fossils,  because  his  nature  would  not 
allow  him  to  be  other,  he  resembles  the  lamented  Hu^^  Miller,  and 
our  still  active  and  useful  countryman,  Mr.  Peach,  the  latter  of  whom 
attained  a  similar  distinction  under  very  similar  difficulties. 

Nearly  seventeen  years  ago  the  valuable  collections  already  in  the 
possession  of  Monsieur  Bouault  were  presented  to  the  municipality 
of  Bennes,  and  formed  the  principal  nucleus  of  a  museum  then  first 
established.  The  previous  owner  then  became  Dtreoieiir-cofMervalsifr 
of  the  Geological  and  Palasontological  Museum  of  the  town  of 
Bennes ;  and  this  museum  has,  since  its  first  establishment,  been 
greatly  enriched  by  the  same  agency.  It  is  exceedingly  rich  in 
local  fossils,  and  contains  many  type-specimens,  some  of  extreme 
interest. 

The  money  I  receive  on  the  part  of  M.  Bouault  will,  I  am  sure, 
be  employed  by  him  in  the  best  interests  of  scienoe,  and  will  be 
recognized  as  a  fit  acknowledgment  of  the  services  he  has  already 
rendered  to  palsdozoio  geology,  and  an  earnest  of  work  still  in  progress. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which  he  reverted  to  the  subject  treated  by  him  in  an  Anni* 
versary  Address  delivered  in  1862,  namely,  the  distribution  and 
succession  of  animal  forms  in  time  and  space.  The  Address  was 
prefaced  by  biographical  noticos  of  deceased  Fellows,  including  Pro£ 
Brayley,  F.R.S. ;  Dr.  Hermann  von  Meyer ;  Dr.  B.  Shumard ;  Dr. 
Boget,  F.K.S. ;  Prof.  Graham,  F.B.S. ;  Prof,  Jukes,  F.B.S. ;  Dr.  W. 
Clarke,  F.K.S. ;  J.  W.  Salter,  Esq. ;  the  Vicomte  d'Archiac,  &o. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  fol- 
lowing were  duly  elected  for  the  ensuing  year : — Frestdeni :  Joseph 
Prestwich,  Esq.,  F.R.S.  Vice-Presidents :  Sir  P.  de  M.  G.  Bgerton, 
Bart.,  M.P.,  F.R.S. ;  B.  A.  C.  Godwin-Austen,  Esq.,  F.R.S. ;  Sir 
Charles  Lyell,  Bart.,  D.C.L.,  F.R.S. ;  Warington  W.  Smyth,  Esq., 
M.A.,  F.R.S.  Secretaries :  P.  Martin  Duncan,  M.B.,  F.B.S. ;  John 
Evans,  Esq.,  F.R.S.  Foreign  Secretary :  Prof.  D.  T.  Ansted,  M.A, 
F.B.S.  Treasurer :  J.  Gwyn  Jeffreys,  Esq.,  F.B.S.  Council :  Prof. 
D.  T.  Ansted,  M.A.,  F.R.S. ;  William  Carruthers,  Esq.,  F.L.S. ;  W. 
Boyd  Dawkins,  Esq.,  M.A.,  F.R.S. ;  P.  Martin  Duncan,  M.B.,  F.B.S.; 
Sir  P.  de  M.  G.  Egerton,  Bart.,  M.P.,  F.RS. ;  John  Evans,  Esq^ 
F.B.S.,  F.S.A. ;  David  Forbes,  Esq.,  F.B.S. ;  J.  Wickham  Flower, 
Esq. ;  Capt.  Douglas  Gkdton,  C.B.,  F.RS. ;  B.  A.  C.  Godwin- Austen, 
Esq.,  F.R.S. ;  Harvey  B.  HoU,  M.D. ;  J.  Whitaker  Hulke,  Esq., 
F.B.S. ;  Prof.  T.  H.  Huxley,  LL.D.,  F.B.S. :  J.  Gwyn  Jefl&reys,  Esq., 
F.B.S. ;  Sir  Charles  Lyell,  Bart.,  D.C.L.,  F.B.S. ;  George  Maw, 
Esq.,  F.L.S. ;  John  Carrick  Moore,  Esq.,  M.A.,  F.B.S. ;  Prof.  John 
Morris;  Joseph  Prestwich,  Esq.,  F.B.S.;  Warington  W.  Smyth. 
Esq.,  M.A.,  F.B.S. ;  Bev.  W.  S.  Symonds,  M.A. ;  Bev.  Thomas 
Watshire,  M.A.,  F.B.A.S. ;  Henry  Woodward,  Esq.,  P.Z.S. 


Qeological  Society  of  London.  1 87 

n.  Evening  Meeting,  Febroary  23rd,  1870. — Joseph  Prestwioh, 
Esq.,  F.B.S.,  President,  in  the  Chair.  The  following  coramunioa- 
tions  were  read : — 1.  "Additional  Observations  on  the  Neooomian 
Strata  in  Yorkshire  and  Linoolnshire,  with  notes  on  their  relations 
to  the  Beds  of  the  same  age  throughout  Northern  Europe."  By 
J.  W.  Judd,  Esq.,  F.G.S. 

This  paper  embodied  the  results  of  the  author's  further  study  of 
ilie  Neooomian  beds  of  the  north  of  England,  in  connexion  yrith 
tibose  of  North-western  Germany. 

The  inland  development  of  these  strata  in  the  Yale  of  Pickering, 
was  described  as  being  greatly  obscured  by  superficial  deposits. 
The  beds,  however,  exposed  at  Heighton,  West  Heslerton,  and 
Knapton,  were  shown  to  agree,  both  in  physical  and  pala^ontological 
characters,  with  several  of  those  before  described  in  the  cliff  section 
at  Speeton. 

The  Neooomian  ironstones  of  Lincolnshire  have,  since  the  date  of 
the  former  paper  on  the  subject  (1867),  been  extensively  opened  out 
by  mining  operations;  and  the  valuable  and  instructive  sections 
tlins  afforded  were  described  in  detail.  A  general  sketch  was  then 
given  of  the  range  and  characteristics  of  the  Neooomian  strata  in 
Yorkshire  and  Lincolnshire. 

Evidence  was  next  adduced  to  show  that  strata  of  the  same  age, 
and  remarkably  similar  in  character,  had  been  deposited  over  a  very 
wide  area  in  northern  Europe.  Throughout  the  whole  of  these 
districts,  however,  the  Neooomian  strata  were  very  inadequately  ex- 
posed, and  afforded  no  good  general  sections ;  and  the  Speeton  Cliff 
thus  acquired  an  additional  interest  from  the  fact  that  it  forms  a 
valuable,  and  almost  the  only,  key  whereby  we  can  correlate  the 
beds  over  this  vast  area. 

Studying  the  continental  deposits  in  this  manner,  by  the  aid  of 
the  Speeton  section,  the  fossil iferous  clays  of  the  island  of  Heligo- 
land were  shown  to  belong  to  the  "  Zone  of  Ammonites  Speetonensisy* 
Le.  the  upper  part  of  the  Lower  Neooomian.  The  boulders  found 
in  the  drift  deposits  of  Holland  were  referred  to  as  evidence  of  the 
former  wide  extension  of  limestones  similar  to  those  of  Tealby  in 
Lincolnshire.  In  Westphalia  the  sandstones,  limestones,  ironstones, 
and  clays,  so  extensively  developed  in  the  hills  of  Bentheim  and  the 
Tentoburger  Walde,  were  shown  to  be  of  Middle  Neooomian  age, 
while  certain  beds  of  clay  in  the  same  district  were  referable  to  the 
Upper  Neooomian.  In  Hanover  the  "Hilsthon"  of  M.  Fr.  Ad. 
fidmer  was  shown  to  be  in  its  upper  part  Upper  Neooomian,  and 
in  its  lower  part  Middle  Neooomian,  the  latter  passing  locally  into 
beds  of  Oolitic  ironstone,  sandstones,  and  limestones,  precisely  similar 
to  those  of  the  same  age  in  Lincolnshire.  The  narrow  strip  of  highly 
inclined  Neooomian  strata  along  the  northern  foot  of  the  Hartz  was 
ahown  to  belong  to  the  same  two  subdivisions.  In  Brunswick,  how- 
0ver,  the  Neoomian  series  was  more  complete  ;  for  underneath  some 
400  feet  of  olays,  which  on  palseontological  evidence  clearly  belong 
to  the  Upper  and  Middle  divisions,  there  were  certain  marly  lime- 
wtouBBy  in  plaoes  becoming  ferruginous,  containing  an  abundant  and 
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interesting  fauna,  which  was  most  unmistakeably  that  of  the  Ixmer 
Neooomian. 

It  was  then  pointed  out  that  in  northern  Germany  there  was 
evidence,  as  in  this  country,  of  an  unconformity  existing  between 
the  Upper  Cretaceous  and  the  Neooomian,  as  well  as  between  this 
last  and  the  Jurassic.  Attention  was  also  drawn  to  the  £act  that 
while  the  Neocomian  series  was  complete  in  Yorkshire  and  Brunswick, 
its  lowest  member  was  absent  in  the  intermediate  districts,  being 
apparently  replaced  by  the  freshwater  deposits  of  the  German 
Wealden. 

Discnssiow. — Mr.  Etberidge  stated  that  he  had  examined  sectioiis'iii  BnmBwick 
and  HanoTer,  at  Hildesheim,  and  other  plaees,  and  confirmed  Mr.  Jndd'a  resoltk 
He  remarked  upon  the  occurrence  of  Pectm  einctua  in  the  Middle  Neooomian  in 
England  and  in  the  Lower  Neocomian  in  Germany. 

Sir  Charles  Lyell  noticed  the  occurrence  of  anticlinals  and  contortions  in  the 
Brunswick  district,  and  remarked  upon  the  comprehensiTcness  now  aacribnl  to  the 
'*  Speeton  Clay,"  and  on  the  correspondence  of  the  phenomena  obaerred  in  Yorkshire, 
witn  those  presented  in  the  South  of  England,  in  passing  from  Folkestone  to  the  Isle 
of  Wight.  He  also  mentioned  the  occurrence  of  AmmoniUt  DuhayttU  in  the 
Hastings  sand  at  Punfield,  as  indicating  the  marine  and  Cretaceous  nature  of  that 
deposit 

The  President  inquired  as  to  the  eyidence  of  the  representation  of  the  Lower 
Neocomian  by  Wealden  deposits  in  Germany. 

Mr.  Judd  remarked  that  the  Punfield  marine  band  is  absolutely  enclosed  in  the 
Wealden,  and  that  its  fossils  have  an  Upper  Neocomian  character,  with  a  clear 
affinity  to  a  Spanish  series.  He  regarded  the  W^den  of  North  Germany  as  not 
strictly  contemporaneous  with  that  of  England,  and  stated  that  the  **  Hilscon- 
glomerat"  in  Brunswick  was  a  shore-deposit,  but  that  its  correlation  with  the 
Wealden  was  impossible. 

2.  "  On  Deep-mining  with  relation  to  the  Physical  structure  and 
Mineral-bearing  Strata  of  the  S.W.  of  Ireland."  By  Samuel  Hyde, 
Esq.     Communicatod  by  E.  Etberidge,  Esq.,  F.G.S. 

The  author  described  the  general  structure  of  the  country  in  the 
south-west  extremity  of  Ireland,  which  he  stated  to  consist  of  a 
series  of  rocks  analogous  to  the  "  Killas  "  of  Cornwall,  and  belong- 
ing to  the  upper  part  of  the  Lower,  or  the  lower  part  of  the  Upper 
Devonian  series.  He  combated  the  opinion  which  had  been  ex- 
pressed by  the  late  Professor  Jukes,  that  copper  ores  would  not  be 
found  in  the  district  in  sufficient  quantities  to  make  mining  there  a 
remunerative  process.  In  support  of  his  thesis,  he  cited  the  Bear- 
haven  mines,  established  about  fifty  years  ago,  the  Allitries  and 
Ballycummisk  mines,  and  the  Ck)08heen  mine.  He  stated  that  in  the 
Ballycummisk  mines  a  depth  of  200  fathoms  has  been  reached,  and 
that  some  of  the  shafts  at  Bearhaven  are  much  deeper.  These  deep 
workings  were  said  to  yield  large  returns  of  ore.  In  opposition  to 
the  opinions  stated  by  the  late  Professor  Jukes,  the  author  main- 
tained that  the  copper  lodes  were  of  the  same  nature  as  those  of 
Cornwall,  and  he  described  them  as  running  in  a  similar  direction, 
namely,  10O-26°  N.  of  E.  From  the  similarity  in  the  geological 
constitution  of  the  country,  and  in  the  direction  of  its  minmJ  veins, 
the  author  was  inclined  to  infer  a  former  continuity  between  the 
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south-weBtem  promontories  of  the  islands  of  Great  Britain  and 
Ireland. 

DiflScussioN. — ^Mr.  Dafid  Forbes  protested  tnmst  the  notion  that  the  Deroniam 
■trata  themselTes  were  metalliferous,  the  Teins  oeiog  of  much  later  date, — in  the 
present  case  Post-carboniferous.  He  maintained  that  there  was  no  ralid  reason  for 
nqiposing  that  the  veins  became  unproductiTc  with  increased  depth,  and  opposed  tht 
BOtum  that  thej  had  been  filled  in  bj  segregation  from  the  surrounding  rock.  H§ 
all^K^  to  the  use  of  spectroscopic  anal  jsis  in  such  inquiries,  and  remarked  that  as  na 
trace  of  copper  is  to  be  found  in  the  rock,  CTen  immediately  adjacent  to  veins,  'wa 
ahould  have  to  admit,  on  the  hypothesis  of  segregation,  that  the  rock  must  originallj 
bare  contained  precisely  the  amount  of  metal  sesregated  in  the  yeios. 

Mr.  Etheridge  agreea  with  Mr.  Forbes  as  to  tne  date  of  the  filling  in  of  the  yeins. 
He  also  maintained  the  justice  of  correlating  the  rocks  with  those  of  the  Cornish 
area. 

Mr.  Hyde  briefly  replied. 

GsoLOGicAL  Society  of  London. — III.  March  9th,  1870. — 
Warington  W.  Smyth,  Esq.,  P.RS.,  Vice-President  in  the  chair. 
The  following  communications  were  read  : — 1.  "  On  the  structure  of 
a  Fern-stem  from  the  Lower  Eocene  of  Heme  Bay,  and  on  its  allies, 
recent  and  fossil."  By  W.  Carruthers,  Esq.,  F.L.S.,  F.G.S.  The 
author  described  the  characters  of  the  fossil-stem  of  a  Fern  obtained 
by  George  Dowker,  Esq.,  F.G.S.,  from  the  beach  at  Heme  Bay,  and 
stated  that  in  \\%  structure  it  agreed  most  closely  with  the  living 
Omunda  regcdis,  and  certainly  belonged  to  the  OsmimdaceaB.  The 
broken  petioles  show  a  single  crescentic  vascular  bundle.  The  section 
of  the  true  stem  shows  a  white  parenchymatous  medulla,  a  narrow 
vascular  cylinder,  interrupted  by  long  slender  meshes,  from  which 
the  vascular  bundles  of  the  petioles  spring,  and  a  parenchymatous 
cortical  layer.  The  author  described  the  arrangement  of  these  parts 
in  detail,  and  indicated  their  agreement  with  the  same  parts  in 
Ormunda  regalts.  He  did  not  venture  to  refer  the  Fern,  to  which 
this  stem  had  belonged,  positively  to  the  genus  Osmunday  but  pre- 
ferred describing  it  as  an  Osmundites,  under  the  name  of  0.  Dowkeri, 
The  specimen  was  silicified,  and  the  author  stated  that  even  the 
starch  grains  contained  in  its  cells,  and  the  mycelium  of  a  parasitic 
fungus  traversing  some  of  them  were  perfectly  represented.  Its 
precise  origin  was  unknown ;  it  was  said  to  be  probably  derived 
from  the  London  Clay,  or  from  the  beds  immediately  below. 

DiscuRsioN.— Mr.  W.  W.  Smyth,  in  calling  on  those  present  for  remarks  on  the 
paper,  commented  on  the  very  remarkable  manner  in  which  the  minutest  details  of 
the  original  plant  had  become  silicified. 

Mr.  Ethendge  mentioned  the  discoTcrj  of  fossil  fern-stems  of  somewhat  similar 
character  at  Brorasgrove. 

Prof.  Ramsiy  suggested  the  possibility  of  the  fossil  haying  been  derived  from  a  bed 
even  higher  than  the  Thanet  Sands.  He  thought  the  rarity  of  such  delicate  structures 
being  perfectly  preserved  by  silicification  not  so  great  as  might  at  first  sight  appear, 
for  in  Antigua  nnd  elsewhere  vegetable  forms  had  been  converted  into  flint  as  com- 
pletely Mnd  distinctly. 

Mr.  Woodward  cited  the  hotsprings  in  the  Island  of  St.  Michael  as  converting 
portions  of  vegetables  still  growing  into  flint.  He  had  heard,  from  the  ngent  of 
Sir  Woodbine  Parish,  of  the  ends  of  piles  driven  into  the  beds  of  rivers  in  Paraguay 
and  elsewhere  in  South  America  having  been  converted  into  flint  in  the  course  of 
thirty  years,  but  had  not  yet  seen  them. 

Mr.  Jenkins  inquired  whether  the  Osmunda  from  different  formations  offer  any 


190  Reports  and  Proceedings. 

evidence  of  tbe  climate  under  wluch  they  lived.  He  thought  that  irhere  Tegetahlt 
structures  were  perfectly  presenred  in  flint,  the  process  of  silicification  had  gone  on  hot 
slowly ;  but  this  fell  more  within  the  proyince  of  the  chemist  than  of  the  geologist. 

Mr.  Hulke  sue&^ested  the  possibility  of  the  fern  having  contained  a  certain  amount 
(Mf  silica  while  stuT  living. 

Prof.  Morris  referred  the  fossil  to  the  Thanet  Sands.  He  thought  that  the  silica 
in  fossil  coniferous  and  endogenous  wood  varied  in  character,  and  this  mi||[ht  throw 
■ome  light  on  the  process  of  conversion.  He  considered  that  objects  containing  phof- 
phate  of  lime,  and  those  oontaining  carbonate,  were  subject  to  different  proceaees  of 
silicification. 

Mr.  Whitaker  was  strongly  of  opinion  that  the  fossil  had  been  derived  from  quite 
the  upper  part  of  the  Thanet  Sands. 

Prof.  Duncan  called  attention  to  the  preeess  of  silicification  as  exhibited  by  the 
Antiguan  corals,  in  which  one  highly  insoluble  mineral  had  been  replaced  by  another 
almost  as  insoluble. 

Mr.  Camithers,  in  reply,  did  not  think  that  anything  could  be  predicated  ai  to 
climate  from  extinct  species ;  if  this  were  attempted,  a  similar  error  to  that  with 
re^rd  to  the  climate  under  which  the  fossil  Elephants  were  supposed  to  have  lived, 
might  be  repeated.  Existing  Oemundacese  contained  no  silica  in  their  structure. 
The  peculianty  of  the  fossil  under  consideration  was  the  preservation  of  the  contenta 
of  the  cells,  even  to  the  starch  which  is.  so  readily  decomposed.  The  difiScuItv  of 
accounting  for  the  replacement  oi  soft  vegetable  matter  Dy  hard  mineral  Bijuoa, 
seemed  to  him  great. 

2.  ''On  the  Oolites  of  NorthamptonBliire."  By  Samuel  Shaip, 
Ssq.,  F.G.S. 

The  author  stated  that  his  ultimate  purpose  was  to  describe  seve- 
rally the  Oolitic  beds  occurring  in  the  Northampton  district,  in  the 
more  northerly  parts  of  the  county,  and  in  the  neighbourhood  of 
Stamford ;  to  exhibit  fossils  gathered  from  each  locality,  and  to 
correlate  the  several  series,  and  thus  to  endeavour  to  establish  the 
character  and  sequence  of  the  Oolites  of  this  Midland  district  Hd 
anticipated,  however,  that  the  publication  by  the  GeologicjJ  Survey 
of  their  maps  and  memoir  of  North  Northamptonshire  (the  work  of 
Mr.  Judd)  would  intervene,  and  might  render  superfluous  the  carry- 
ing out  this  work  in  its  entirety ;  but  in  the  meantime  he  submitted 
his  first  part,  "  The  Oolites  of  Northampton  and  Neighbourhood." 

The  author  stated  that  there  were  four  areas  within  a  compara- 
tively small  space  in  which  the  whole  of  the  beds  occurring  in  each, 
from  the  Great  Oolite  down  to  the  Upper  Lias  (inclusive),  were 
accessible.  These  were  situated  at  or  about: — 1,  Eingsthorpe; 
2,  Northampton ;  3,  Duston ;  4,  Blisworth.  The  Oolitic  beds  in 
these  several  areas  were  described  in  detail,  the  beds  of  the  North- 
ampton Sand  {as  comparatively  little  known)  being  those  to  which 
the  greatest  interest  attached.  These  he  proposed  to  class  in  three 
divisions— the  "Upper,"  the  "Middle,"  and  the  "Lower"  North- 
ampton Sand. 

The  individual  beds  of  the  several  localities  were  shown  to  vary 
considerably ;  but  collectively  they  would  present  the  following 
general  section,  the  maximum  thicknesses  being  given  in  feet : — 

Feet 
fA.  White  Limestone,  disposed  in  beds  of  from  a  few  inches  to  about 
ij  «  3  feet  in  thickness,  much  fissured,  iind  varying  in  character,  and 

3  2^  containing  characteristic  Great  Oolite  fossils ^ 26 

^^     B.  Blue  and  grey  clay,  due  for  brick-making,  with  a  ferruginous  band 

I         at  base,  and  Great  Oolite  fossils 16 
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[Lma  of  vmwiifbniiitT.] 
C  Whitt  or  grej  nad,  more  or  len  eonerent,  and  with  oceanonal 
^  Ibrmpiunis  tUins,  lomatunei  qouried  for  bnildiiig-ttone.     A 

15"  (        pknt-bed  is  nguftUj  found  in  thii  sand  12 

''D.  A  series  of  Terr  Taritble  beds,  composed  sometimes  of  foiruginons 
sandstone  in  toin  layers,  which  orerlie  oalcareous  beds  containing 
shellj  lones,  fklse  bedding  being  frec^uent.  Sometimes  the  whole 
seetion  oonsists  of  calcareons  rock  wi^  false  bedding ;  sometimes 
it  mesents  a  series  of  beds  of  eompjaot  feirnginous  sandstone^ 
with  no  fossils.  In  one  instaooe  the  entire  section  consists  of  white 
sand  and  sandstonoi  with  no  fossils ••••    80 

Coarse  Oolitio  or  snborystalline  limestone,  with  fossils,  OTcrlying  a 
ealeareo-arenaeeons  slate,  like  Golleyweston  Slate 4 

S.  Beds  diiefly  consisting  of  Ironstone,  containing  Rhynchontilm 
90ruMis  and  B.  eynoetphala^  and  Awmwmtu  ii/rmu  at  the 
base   ......^ 86 

This  general  section,  the  author  stated,  might  be  accepted  as  a 
^pioal  section  of  a  considerable  portion  of  &e  county  of  North- 
mpton. 

In  his  oondnding  remarks  the  author  referred  to  the  great  lime- 
tone  which  marked  the  country  about  Stamford,  and  trayersing 
tntland,  attained  its  greatest  thickness  in  Lincolnshire.  This 
imestone  was  prored  by  its  paUdontological  contents  to  be  Inferior 
)olite;  and  its  place,  with  reference  to  the  beds  described  in  the 
aper,  was  shown  to  be  in  the  interval  (marking  the  line  of  uncon- 
>rmity)  between  B  and  C  of  the  general  section.     It  thus  tended 

>  confirm  the  statement  of  the  author  that  the  lino  of  division 

tween  the  Great  and  the  Inferior  Oolite  in  the  neighbourhood  of 

vrthampton  occurred  at  that  point 

The  paper  was  illustrated  by  the  exhilution  of  a  large  collection 

fossils  from  the  several  areas,  including  some  new  species,  promi- 

it  among  which  was  a  new  Starfish,  named,  in  compliment  to  the 

lor,  "  StdlasUr  SharpU,"  by  Dr.  Wright,  F.K.S.E.,  F.G.S.,  and 

libed  by  him  in  a  Note  appended  to  this  paper. 

scuBsioN.-'Mr.  Smyth  commented  on  the  great  value  of  carefiil  obseryations  by 

^logists,  such  as  those  brought  before  the  Society  by  Mr.  Shan). 

.  Etheridge  pointed  out  how  a  few  years  ago  it  was  supposed  that  hardly  a 

was  to  be  fonnd  in  these  Northampton  beds,  and  that  they  all  belonged  to  the 

Oolite,  and  not  to  the  Inferior,  an  error  in  which  the  Geological  Survey  had 

The  district  was,  however,  now  being  resurveyed  under  the  new  light 

on  the  character  of  the  roclu  by  the  extensive  quan^nng  which  had  taken 

aring  the  last  few  yenrs,  and  which  had  afforded  the  opportunities  so  judiciously 

by  the  author  of  the  paper,  who  had  plHced  the  order  of  succession  and  the 

v  of  the  Northampton  Beds  beyond  dispute. 

Morris  had  found  a  difficulty  in  reconciling  the  phenomena  of  the  eastern  and 
Oolitic  areas,  but  oonridcrod  that  the  key  of  the  arrangement  was  to  be 
I  the  district  between  Northampton  and  Stamford. 
larp  briefly  replied. 


coi^iaEs:po2>nDEisroE. 


RESTORATION  OF  DIMORPHODON. 
Haven't  they  prolonged  the  wrong  claws,  or  toes,  or  fingers, 
,  Plate  IV.  ?  Geobgb  Gbeenwood,  Colonel. 

d  J^rk,  Alretford,  March  1,  1870. 
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[Colonel  Greenwood  is  quite  correct  in  his  critioiBin.  The  artist 
has  given  such  a  twist  to  the  prehensile  fingers  of  the  wing  in  Fig.  2 
as  to  convey  the  idea  that  the  expanded  wing-membrane  is  supported 
on  the  elongated  thumb  or  first  digit  instead  of  its  little  finger,  as 
shown  clearly  enough  in  the  skeleton,  Fig.  1,  Plate  IV. — ^Edit.] 

DENUDATION  OF  THE  LAKE  DISTRICT. 
Sib, — Mr.  Mackintosh  seems  to  have  somewhat  mis-read  one  part 
of  my  article  on  "  The  Denudation  of  the  Lake  District,"  in  the  Qbo- 
LOGiCAL  Magazine  for  January,  p.  14.  I  nowhere  stated  the  proba- 
bility "  that  the  sea,  during  the  Glacial  submergence,  was  an  im- 
movable frozen  mass."  J.  Clifton  Wabd. 

Clapham  Common^  March  11,  1870. 

BuBiED  Sea-cliffs  versus  Faults. — While  this  question  is  afloat, 
Mr.  D.  Mackintosh  would  beg  to  re-direct  the  attention  of  Greologists 
to  a  well-known  spot  in  the  railway-cutting  near  Uphill  (Weston- 
super-Mare),  whore  the  Upper  Triassic  and  Khsetic  strata  terminate 
cleanly  and  abruptly  against  an  overhanging  wall  of  Carboniferous 
limestone  rock,  without  any  sign  of  displacement  except  a  slight  dip 
towards  the  limestone — so  far  as  he  can  recollect  Some  years  ago 
he  felt  a  great  difficulty  in  understanding  how  the  phenomenon 
could  have  resulted  from  a  fault. 

Carlton  Hill,  Letdt, 

ON  THE  OCCURRENCE  OF  TOPAZES  IN  LUNDT  ISLAND. 

Sib, — I  believe  it  is  not  generally  known  to  Mineralogists  that 
Topazes  occur  in  the  Granite  of  Lundy  Island.  A  small  piece  of 
quartz,  to  which  three  topazes  are  attached,  which  was  brought  from 
that  locality,  is  in  the  collection  of  the  late  Dr.  Alfred  Day,  at 
Clifton  :  also  a  detached  crystal,  which  was  obtained  by  Mr.  Hobert 
Etheridge.  The  crystals  are  small  and  of  a  pale  colour,  not  unlike 
those  found  in  the  Moume  Mountains,  Co.  Down.     S.  G.  Pkeckval. 

February  24,  1870. 

The  Geological  Collection  in  the  Prague  Museum  has  much 
increased  of  late,  owing  to  the  vigorous  labours  in  the  field  by  the 
Committee  of  Exploration.  Of  chalk  fossils  the  Museum  contains 
more  than  G,000  specimens  from  140  localities.  Dr.  Fritsch  hopes 
some  English  Geologists  will  visit  and  examine  the  collection.  A 
new  entire  Scoi-j)iou  has  been  discovered  in  the  C/oal-measures  at 
Praliys,  and  a  new  Saurian  in  the  Permian  rocks  near  Pilsen,  which 
Dr.  Fritsch  hopes  shortly  to  figure  and  describe. 


ERRATA. 

In  the  February  number,  1870,  page  79,  line  9  from  top,  erase  Graptolitida. 

))  >•  tt  tt  ,t         M     12         „         for  j9i»t7/iM  read  putilUu,     A 

In  the  Miirch  number,  Glasgow  Geological  Society's  Reports,  page  139,  line  20  from     % 

top,  for  infier  read  outer. 
In  the  March  number,  in  Mr.  Scrope's  article  on  Laras,  page  104,  line  14  from  foot 

of  page,  for  tilver  read  silica. 
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EMINENT  LIVING  GEOLOGISTS. 

L^Qeoboe  Potjlxtt  Sobope,  Esq.,  F.B.S.,  F.G.S. 

(With  ▲  Po&tkait.) 

GEORGE  PouLETT  SoBOPE  was  bom  in  London  in  1797,  is  the 
second  son  of  J.  Poolett  Thomson,  Esq.,  of  Waverley  Abbey, 
Surrey,  the  head  of  the  eminent  mezcantile  firm  of  Thomson,  Bonar, 
ttd  Co.,  of  London  and  Petersbm^and  was  educated  at  Harrow  and 
Si  John's  College,  Cambridge.  During  his  undergraduateship  he 
piMed  the  winter  of  1816-17  at  Naples,  with  a  part  of  his  family, 
where  he  was  struck  by  the  phenomena  of  the  neighbouring  volcano, 
then  in  almost  permanent  though  moderate  aotivity.  Betuming  to 
Haples  in  1819,  he  renewed  his  study  of  Vesuvius  and  the  Yolcanio 
teiritory  of  the  Campagna ;  and,  in  the  spring  of  1820,  made  the  tour 
of  Sicily,  visidng  Etna  and  the  Lipari  isles.  Having  by  these  oppor- 
tunities been  led  to  take  much  interest  in  the  phenomena  of  volcanos 
-H^  that  era  much  misunderstood  and  undervalued  by  the  rising 
tthools  of  geology,  both  in  England  and  on  the  Continent,  where  the 
doctrines  of  Werner  were  still  in  the  asoendant — Mr.  Thomson  (who, 
on  his  marriage  in  1821,  had  assumed  the  surname  of  Scrope)  passed 
the  summer  of  that  year  in  a  dose  study  of  the  extinct  volcanos  of 
Gaatral  France,  and  collected  there  the  materials  for  the  volume, 

E'slished  by  him  some  years  later  (in  1827),  **  On  the  Geology  and 
tincfc  Volcanos  of  Central  France  " — a  work  which  has  been  ever 
liiioe  generally  accepted  as  the  best  authority  as  to  this  interesting 
district 

From  France  Mr.  Poulett  Scrope  proceeded  to  Italy,  where,  after 

^ting  the  Euganean  Hills  and  other  volcanic  districts  of  Northern 

Italy  and  of  the  Boman  territory,  he  reached  Naples  once  more,  in 

tte  beginning  of  October,  1822,  fortunately  just  in  time  to  witness 

^  great  paroxysmal  eruption  of  that  month,  which  left  Vesuvius 

lowered  in  height  by  some  600  feet,  and  transformed  from  a  solid 

<)one,  with  a  nearly  flat,  rough  plain  at  the  summit,  into  a  hollow 

Ji^ust  or  casing,  as  it  were,  stUl  outwardly  cone-shaped,  but  pierced 

Eternally  by  a  vast  crater,  a  mile  in  diameter  and  nearly  2,000  feet 

^p,  wluch  had  been  torn  through  the  heart  of  the  mountain  by 

powerful  continuous  exploinonfl  of  twenty  cliiys'  duration.    T\i^  %\.\x^^ 

TOL.  m. — ^ao.  Lzxi.  \^ 
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of  this  stupendous  example  of  voloanic  energy,  and  of  its  effects, 
impressed  Mr.  Poulett  Scrope  with  those  opinions  on  the  true 
character  and  mode  of  action  of  volcanic  force  which  distinguish  his 
views  on  this  subject  from  those  of  the  greater  number  of  writers  who 
have  treated  upon  the  same  matters,  but  who  possessed  a  less  fortunate 
combination  of  opportunities  for  the  direct  personal  observation  of 
the  phenomena,  and  the  formation  of  a  sound  judgment  as  to  their 
real  nature. 

Mr.  Scrope  contributed  to  Brande^s  Journal  of  Science  a  short 
account  of  the  great  eruption  of  1822,  with  a  drawing  of  the  crater 
as  it  appeared  immediately  after.^ 

In  the  summer  of  1823  he  spent  some  time  in  the  examination  of 
the  volcanic  region  of  the  Upper  and  Lower  Eifel,  the  Siebei^birge, 
&c,t  and  subsequently  sent  a  detailed  description  of  them  to  the 
Edinburgh  Journal  of  Science,*  Returning  to  England,  he  naturally 
sought  the  society  of  fellow-labourers  in  the  field  of  G^logy,  became 
a  member  of  the  Geological  Society  (1824),  and  in  the  next  year 
was  elected  one  of  its  Secretaries,  having  for  colleague  the  then  Mr., 
now  Sir  Charles  Lyell,  with  whom  a  community  of  ideas  on  the 
expediency  of  taking  the  existing  agencies  of  chaiige  on  the  earth's 
present  surface  as  tibe  only  sure  guide  to  its  past  history  formed  a 
bond  of  intimacy  and  mutual  regard.  The  drawings  which  Mr. 
Scrope  had  brought  with  him  from  Central  France,  and  which  were 
freely  shown  to  his  Geological  associates,  and  the  explanation  they 
afforded,  obvious  to  the  eye,  of  the  true  character  of  volcanic  pheno- 
mena, up  to  that  time  more  or  less  hotly  disputed,  naturally  attracted 
much  attention.  In  1824-5  Mr.  Scrope  published  the  first  edition  of 
his  work  "  On  Volcanos,  the  Character  and  Probable  Causes  of  their 
Phenomena,  and  their  Connection  with  the  Present  State  and  PfiLst 
History  of  the  Earth,"  cfec.  This  work,  of  which  a  second  and  much 
improved  edition  was  published  by  Longmans  in  1852,  was  not  at 
first  very  favourably  received  among  geologists — owing,  no  doubt, 
to  a  faulty  arrangement  of  the  subject,  the  theoretical,  and  in  many 
respects  novel,  views  of  the  author  being  put  forward  in  somewhat 
too  dogmatic  a  form,  without  being  preceded,  or  even  sufficiently 
illustrated,  by  a  statement  of  the  facts  and  observations  on  which 
they  were  based,  and  which  had  been  collected  by  the  author's  close 
and  long-continued  study  of  volcanic  regions,  made,  as  we  have 
briefly  stated,  in  the  preceding  years.  It  must  be  remembered,  too, 
that  at  that  period  geologists  were  not  yet  even  agreed  upon  such 
elementary  ideas  as  the  volcanic  origin  of  Basalt.  No  wonder,  then, 
that  a  work  which  professed  to  teach  that  not  merely  all  Basalts,  but 
the  Trachytes  and  Porphyries,  Syenites,  and  even  Granite  itself,  were 
varieties  of  Lava,  and  at  the  time  of  their  protrusion  at  an  intense 
temperature  contained  a  certain  quantity  of  water^  interstitially 
combined  with  their  mineral  elements,  was  met  by  many  with 
distrust,  by  some  even  with  ridicule.  A  few  years  later,  how- 
ever, the  justness  of  Mr.  Poulett  Scrope's  ideas  on  these  and  other 

1  Journal  Royal  Inst.,  toI.  xt.,  p.  175. 
*  £din.  Journal  of  Science  for  June,  1826. 
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points  of  subterranean  agency  began  to  be  acknowledged ;  and  even 
m  1826-7y  when  his  Yolume  "  On  the  G^logy  and  Extinct  Yolcanos 
of  Central  France "  issued  from  the  press,  illustrated  by  an  Atlas 
containing  faithful  copies  of  elaborate  drawings  made  on  the  spot,  a 
different  opinion  began  to  be  formed  as  to  the  authority  of  his  earlier 
work.  Lyell  and  Murchison  followed  his  footsteps  in  Auvergne,  the 
Cantal,  and  the  Haute  Loire,  and  on  their  return  testified  to  the 
accuracy  oi  his  drawings  and  descriptions  of  the  facts  there  exhibited, 
as  well  in  respect  to  the  volcanic  formations  as  to  the  remarkable 
proofs  of  the  immense  amount  of  denudation  effected  by  sub-aerial, 
or  atnM)6pheric,  agency.  In  1827,  a  review  of  his  work  on  Central 
France  appeared  in  tiie  Quarterly,^  from  the  pen  of  Mr.  Lyell,  in 
which  full  justice  was  done  to  the  author,  and  the  general  attention 
of  geologists  attracted  to  the  subject.  One  passage  in  particular, 
from  this  able  review,  we  wUl  insert  here,  relative  to  the  theory  of 
denudation : — **  We  consider  Mr.  Scrope's  work  the  most  able  that 
has  appeared  since  Play  fair's  illustration  of  the  Huttonian  theory,  in 
support  of  the  opinion  that  *'  valleys  have  been  shaped  out  progres- 
sively by  the  action  of  rivers,  or  of  such  floods  as  may  occur  in  the 
ordinary  course  of  nature"  (p.  477).  Two  or  three  years  later 
(1830),  Mr.  Lyell  published  the  first  edition  of  his  great  work,  "  The 
Elements  of  Geology,"  in  which  the  doctrines  of  Hutton  and  Play- 
fair,  as  to  the  influence  on  the  earth's  surface  of  both  the  igneous 
and  aqueous  agencies  of  change  were  so  ably  and  fully  advocated ; 
and  it  is  not  unreasonable  to  suppose  that,  in  the  interval,  his  views 
on  theoretical  geology  had  been  considerably  influenced  by  those 
which  had  been  previously  enounced  by  Mr.  Scrope,  and  the  facts 
and  arguments  adduced  by  him  in  their  support.  However  this  may 
be,  Mr.  Scrope,  in  his  turn,  reviewed  the  new  and  interesting  volume 
of  Mr.  Lyell,  in  the  same  periodical,  the  Quarterly  (vol.  xliii.,  p. 
411),  and  expressed  both  admiration  for  and  agreement  with  the 
author  on  almost  all  points — except,  perhaps,  that  of  the  doctrine  of 
absolute  uniformity  in  the  series  of  geological  changes  (see  p.  464) — 
a  doctrine  still,  we  believe,  advocated  by  Sir  C.  Lyell,  and  still 
questioned  by  other  eminent  geologists.^  In  182G  and  1827  Mr. 
Scrope  contributed  to  the  Transactions  of  the  Geological  Society 
two  papers,  with  copious  illustrations,  "  On  the  Phlegra^an  Fields, 
near  Naples,"  and  "  On  the  Ponza  Islands."  (Geol.  Trans.,  2nd  ser., 
vol.  ii.  and  vol.  vi.) 

With  regard  to  the  controversy  between  the  rival  Geological 
Schools  of  Uniformitarians  and  Evolutionists,  it  will  be  seen  by 
those  who  may  look  into  the  two  quarterly  articles  above  referred  to, 
upon  Sir  Charles  LyelPs  principles,  that,  although  from  a  very  early 
period  a  believer  in  the  Uniformity  of  Causation,  Mr.  Scrope  has 
always  differed  somewhat  from  the  Lyellian  doctrine,  as  to  the 
absence  of  any  indications  in  the  series  of  geological  facts  of  Pro- 
gressive Development. 

Perhaps  even  in  the  present  day  the  argument  has  not  been  more 

^  Quart.  Rer.,  toI.  xxxvi.,  p.  437. 

'  See  AxmiTenaiy  Addrew  to  the  Oeol,  Soc.  Load.  1B69,  by  Ptoi.  UxoXfii^^ 


^ 
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tersely  summed  up  than  we  find  it  in  the  condodiiig  aentenoes  ef 
the  Review  Article  of  1835,  of  which  we  can  only  afford  apaoe  for 
one  paragraph.  "  The  idea  of  progressiye  development  does  not  (as 
Mr.  Lyell  seems  to  think)  involve  any  douht  as  to  the  permanence 
of  the  laws  of  nature,  llie  theory,  for  example,  of  the  gradual  re- 
frigeration of  the  globe  does  not  suppose  any  deviation  from  the 
existing  laws  of  heat,  light,  or  gravity.  No  one  disputes  the  con- 
stancy of  these.  Mr.  Lyell's  real  theory  is  that  there  has  been  no 
progressive  variation  in  the  intensity  of  the  forces  which  operate  ob 
the  earth's  crust,  but  that  a  cyclical  succession  of  such  changeii,  of 
equal  amount  in  equal  periods,  has  been  going  on  through  all  timOy 
so  far  as  geology  enables  us  to  explore  its  abysses.  The  fact  may  h% 
so.  We  do  not  affirm  the  contrary  in  any  positive  spirit.  But  Mr^ 
Lyell  must  be  content  to  join  issue  witli  his  opponents  on  the  poinA^ 
under  the  disadvantage  of  all  analogy  being  against  him;  from 
which,  as  we  have  shown,  it  is  presumable,  d  priori,  that  the  series 
of  geological  mutations  to  which  the  earth  is  subject,  is  a  pio-r 
gressive,  not  a  atationaiy  or  recurring  series — that  our  planet,  like 
every  individual  form  within  it,  is  subject  to  the  law  of  integration 
and  disintegration ;  has  had  a  beginning,  and  will  have  an  end." 

At  this  period  (1830)  Mr.  Poulett  Scrope  had  for  some  years 
settled  down  in  the  ancient  family  seat  of  the  Soropes  of  Wiltshire 
(Castle  Combe),  and,  acting  as  a  magistrate^  had  been   strongly 
impressed  by  the  pauperized  condition  of  the  agricultural  labourer. 
Hence  he  was  led  more  and  more  to  neglect  G^logy  for  the  mora 
practical  subjects  of  Political  or  Social  Economy.     Li  this  line  of 
thought,  a  long  series  of  pamphlets,   reviews,   and  other  contri- 
butions to  the  periodical  literature  of  the  day,  were  published  by 
hira — bearing  especially  upon  the  necessity  oif  a  Revision  of  the 
English  Poor  Law,  and  its  extensirm  in  an  improved  form  to  Ireland 
and  Scotland;  on  Banking,  the  Currency,  etc.     ELis  brother,  Mr. 
Poulett  Thomson  (afterwards  created  Lord  Sydenham),  had  been  for 
some  years  in  Parliament,  and  to  Mr.  Scrope,  the  passing  of  the 
Beform  Bill  in  1832,  of  which  he  had  been  long  a  zealous  advocate, 
afforded  an  opening  for  a  similar  position,  which  would  enable  him 
to  further  his  long  entertained  economical  opinions  in  the  L^islatuieu 
In  1833  he  was  elected  one  of  the  members  for  the  Borough  of 
Stroud,  one  of  the  newly  formed  Constituencies,  lying  at  no  great 
distance  from  his  Wiltshire  residence,  and  for  this  Borough  he  con- 
tinued to  sit  in  Parliament  up  to  his  retirement  in  the  year  1868,  a 
period  of  35  years.     We  do  not  attempt  to  follow  his  public  career, 
but  may  mention  that  in  1835  he  published  a  small  volume  on 
Political  Economy — the  leading  object  of  which  was,  in  his  own 
words,  to  show  that  '*  so  long  as  the  cultivated  portion  of  the  earth's 
surface  bears  as  now  but  a  fractional  proportion  to  its  cultivable 
area,  any  permanent  want  of  subsistence  felt  by  man  can  arise  only 
through  his  own  wilful  neglect  of  the  means  placed  at  his  disposal 
by  Providence — in  opposition  to  the  narrow  Malthusian   doctrine 
[which  teaches  the  necessity  of  artificial  restraint  on  the  increase  of 
ipuladon  within,  the  limits  of  each  state,  as  the  only  means  of 
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piwentmg  wafit>  and  eyen  finmine.  Mt.  Scrope  took  a  prominent 
iMort  in  tke  disoiiBsiona  on  the  Eeform  of  the  Poor  Laws  in  England, 
^and  their  extaiflion  to  Ireland  and  Scotland — measures  long  advo- 
^oated  by  him — ^in  farthering  the  adoption  of  free-trade  principles, 
and  generally  of  all  social  reforms.  His  interest  in  Geology,  how* 
ever,  especially  in  that  branch  of  the  si'ibject  which  he  had  made  his 
special  study,  had  not  altogether  subsided.  In  1835  be  review;ed 
in  the  Quarterly  the  third  edition  of  Lyell's  Principles  (Quart 
Bev.  vol.  zliii.  p.  406) ;  and  in  1856  he  read  before  the  Geological 
Society  a  paper  on  Ihe  liquidity  of  Lavas,  and  the  mode  of  for- 
mation of  Volcanic  Cones  and  Craters  (Geol.  Soc.  Journal  for 
1856,  p.  337),  in  which  he  combated  the  famous  Elevation 
Crater  theory  of  MM.  Humboldt,  Yon  Buch,  and  Elie  de  Beau- 
mont, showing  that  it  had  originated  in  a  mistaken  view  of  the 
origin  of  the  *'  raised  plain  "  around  the  Volcano  of  Jomllo  in 
Mexico,  taken  by  the  first  of  these  authors — a  view  which  Mr. 
Scrope  himself  had  opposed  and  exploded,  in  a  special  notice  printed 
in  the  appendix  to  nis  work  on  Volcanos,  as  early  as  1824-5,  but 
which,  notwithstanding,  had  since  that  date  continued  to  spread, 
"under  the  influence  of  a  few  great  names,"  until  it  had  thrown 
into  complete  confusion,  especially  on  the  Continent,  all  current 
notions  upon  the  true  mode  of  action  of  Volcanic  energy. 

In  February,  1859,  Mr.  Scrope  recurred  to  this  subject  in  a  second 
paper  read  before  the  Geological  Society — induced  by  the  fact  of  the 
publication  in  the  interval  of  M.  de  Humboldt's  "  Cosmos."  through- 
out Ae  whole  of  which  work  the  theory  of  Elevation  Craters,  and 
the  upheaval  in  mass  of  all  volcanic  mountains,  was  upheld,  to  the 
utter  confusion  of  all  just  ideas  on  the  nature  of  volcanic  action 
(See  The  Geologist,  vol.  ii.  p.  124). 

In  1862  Mr.  Scrope  superintended  a  new  edition  of  his  work  on 
Volcanos,  with  an  enlarged  description  of  all  the  known  Volcanos 
and  volcanic  formations  of  the  globe,  in  which  the  faults  of  style 
and  arrangement  of  the  earlier  edition  already  mentioned  were 
avoided,  while  retaining  all  the  original  views,  many  of  which — 
especially  that  on  the  important  part  played  by  water  in  the  pro- 
duction of  the  igneous  rocks — had  been  in  the  meantime  confirmed 
by  the  experiments  of  Sorby,  Scheerer,  Daubree,  and  others. 

The  "  G^eology  of  Centnd  France  "  had  already  passed  through  a 
second  edition  (Murray,  1852),  and  both  works  had  been  printed  in  a 
French  translation  at  Paris. 

From  that  time  to  the  present  Mr.  Scrope  has  continued  to 
contribute  occasional  papers  to  the  several  scientific  periodicals — 
among  them  the  following : — "  On  the  probable  influence,  upon  the 
internal  structure  of  rocks,  of  the  mutucd  friction  of  their  component 
parts,  when  forced  into  motion  under  extreme  pressure"  (read 
before  the  (Geological  Society,  May  12th,  1858,  and  printed  in  The 
eulogist,  voL  i.,  p.  362,  with  an  illustration).  In  this  paper  Mr. 
Scrope  contended  that  the  foliation  of  the  metamorphic  schists,  no 
less  than  the  '* cleavage"  of  the  finer  slates,  was  ow\x\!g  1q  \\i^  ^ 
''squeeze  "  of  their  crystalline  or  semi-crystaUine  paxl\o\d%  (^tl^^qIvak^ 
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axial  in  form),  while  the  matter  compoBing  them  was  in  a  semi- 
liquid  or  viscouB  state,  and  sabjected  to  extreme  and  oblique 
pressures — a  view  which  he  had  been  led  to  form  and  declare,  as 
early  as  1824,  by  a  study  of  the  laminated  pearlstones  and  tradiytea 
of  the  Ponza  Isles.^ 

**  On  the  Causes  of  Earthquakes.*'    ((Geologist,  tL  p.  i66^ 

**  On  the  Origin  of  Valleys/'     (Gbolooicax  Maoazins,  YoL  III.  p.  192.) 

«  On  the  Origin  of  Hills  and  Valleys."     {Ibid,  p.  241.) 

"  On  the  Terraces  of  the  Chalk  Downs."     (Ibid,  p.  293.) 

"  On  Atmospheric  Forces."    (Ibid.  p.  879.)      . 

«  On  the  Cause  «f  Faults  and  Contortions  of  Strata."    (Ibid.  VoL  V.  p.  339.) 

"  On  the  Supposed  Internal  Fluidity  of  the  Earth."    {Ibid.  VoL  VI.  p.  145.) 


0 
System  of  Volcanie  Roeks."    <Ibid,  p.  510L) 

'*  On  the  Pretended  Raised  Sea-heaches  of  the  Inland  Slopes  of  Englana  and  Wales." 

(Ibid.  p.  636.) 

«*  On  Lavas."     {Ibid,  Vol.  VII.  p.  100.) 

In  these  papers  Mr.  Scrope,  it  will  be  seen,  confined  himself  to 
the  vindication  of  opinions,  already  put  forward  by  him  in  his  larger 
works,  upon  the  phenomena  of  subterranean  or  volcanic  agency,  and 
also  on  the  influence  of  "  subaerial " — ^that  is  to  say,  atmospheric — 
agencies  in  moulding  the  surface  of  the  earth.  In  some  of  these  he 
may,  perhaps,  be  charged  with  an  impatience  of  what  he  considered 
the  mischievous  fallcu)ies  of  the  writers  he  opposes,  as,  for  instance, 
while  combating  the  "  upheaval "  doctrines  of  Humboldt  and  Elie 
de  Beaumont,  or  the  views  on  "exclusively  marine  denudation," 
professed  by  Mr.  D.  Mackintosh.  But,  if  this  charge  be  true,  it  may 
fairly  be  attributed  to  the  earnestness  with  which,  as  a  student  of 
nature  and  a  propagator  of  scientific  truth,  he  looks  on  persistence 
in  a  false  theory,  after  its  fallacy  lias  been  fully  exposed,  as  "  not 
merely  a  fault,  but  a  crime,"  from  its  baleful  effect  in  checking  the 
progress  of  true  science.  Mr.  Scrope,  it  will  be  seen,  has  not 
allowed  himself  to  be  led  from  the  line  of  geological  study  which  he 
first  traced  for  himself  in  early  life — namely,  that  of  the  igneous  and 
aqueous  agents  of  cheinge,  discoverable  on  the  surface  of  the  globe, 
and  their  influence  on  its  past  history.  Commencing  his  observations 
at  a  period  when  tlie  Huttonian  theory  was  absolutely  discoun- 
tenanced and  discredited  (1817-23),  he  perceived  intuitively,  and 
proclaimed  in  his  first  publication,  that  one  of  (he  primary  tasks  of 
the  geologist  is  to  obtain  **  a  knowledge  of  the  processes  which  are 
in  continual  or  occasional  operation  upon  the  surface  of  our  planet, 
and  the  application  of  these  laws  to  explain  the  appearances  dis- 
covered by  our  geognostical  researches'*  into  the  character  of  its 
rock  formations,  ''  so  as  from  these  materials  to  deduce  conclusions 
as  to  its  past  history"  (Preface  to  first  edition  of  Volcanos,  1825). 
With  this  object  he  devoted  himself  to  an  examination  of  the  pheno- 
mena of  volcanos,  both  active  and  extinct,  taking  note,  at  the  same 
time,  of  the  effecte  of  atmospheric  action  on  the  surface  of  subaerial 
land ;  and  the  facts  he  collected  and  the  views  he  propounded  on 

^  See  his  paper  on  the  Ponza  Islands,  read  before  the  6eolog:icaI  Society  in  1827 
(OeoJ.  Trms,  8er,  ii,  yol.  ii<) 
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these  points  have  jpMfiped  eonfirmatioiiy  as  time  flowed  on,  from 
nearly  all  the  moil  trustworthy  of  his  contemporaries. 

So  lately  m  February,  1867,  the  President,  Mr.  Warington  W. 
Smyth,  i&  ^e  name  of  the  (Geological  Society,  conferred  upon  Mr. 
Jlinliill  ScTope  the  highest  honour  at  the  disposal  of  thai  body, 
jHmely,  the  Wollaston  €k>ld  Medal,  in  recognition  of  his  researches 
into  the  natare  and  origin  of  volcanos ;  with  which  line  of  investi- 
gation his  name  will  always  be  indissolnbly  connected. 


n. — Oh  thz  Si7B7Aoi-osolooy,  Denxtdatiom,  akd  "Fobm  of  thx 

Gboukd"  of  BxLonjif. 

By  H.  M.  JnnuKS,  F.6.S.,  Secretary  of  the  Boyal  Agricolinnd  Society. 

rB  review  of  my  "  Beport  on  the  Agriculture  of  Belgium,"  which 
appeared  in  the  last  number  of  the  Geological  Magazins, 
illustrated  by  a  reprint  of  the  map  which  originally  accompanied  it 
in  the  "  Journal  of  the  BoyaL  Agricultural  Society  "  (2nd  series,  voL 
▼L,  part  1),  has  induced  me  to  o£fer  some  further  remarks  on  the 
surface-geology  of  that  kingdom  while  the  subject  is  still  fresh  in 
the  recollection  of  the  readers  of  this  Magazine. 

A  mere  glance  at  the  map  is  sufficient  to  impress  the  geologist 
with  the  remarkable  parallelism  existing  between  the  boundary  lines 
of  the  surface-deposits  and  certain  contour-lines,  which  show  what 
the  late  Professor  Jukes  delighted  to  call  the  "  form  of  the  ground." 
The  accompanying  section,  drawn  from  Ostend,  on  the  north-west, 
past  Ghent,  and  through  Nivelles,  Namur,  and  Dinant,  to  near 
Longwy,  in  the  south-east,  will  illustrate  my  meaning.  Ostend  is 
situated  on  the  seaboard  margin  of  a  Polder-plain,  the  alluvial 
deposits  which  constitute  its  environs  having  been  reclaimed  from 
the  sea  chiefly  within  the  historic  period.  Proceeding  in  a  south- 
easterly direction,  the  Polder  alluvium  is  succeeded  by  a  broad  belt 
of  sand  (the  Campine  sands),  which,  although  it  appears  almost  a 
plain  to  a  casual  observer,  has  in  reality  a  slight  inclination,  so  that 
at  about  two-thirds  of  the  distance  across  it  we  reach  a  height  of  75 
feet  above  the  sea-level ;  but,  except  in  the  Campine,  at  the  extreme 
east  of  Belgium,  this  sandy  zone  never  attains  a  much  greater 
elevation.  The  perfect  inclination  of  this  zone  is  interrupted,  and 
its  gradual  rise  is  masked,  by  the  valleys  of  several  tributaries  of  the 
Scheldt  (Escaut),  as  well  as  by  the  wide  and  deep  valley  of  that 
river  its^. 

South-east  of  the  sandy  zone  we  enter  upon  a  broad  belt  of  loam, 
generally  known  as  the  Limon  de  Hesbaye,  or  Loess,  and  im- 
mediately the  gradient  of  the  surface-incline  increases  to  a  very 
remarkable  extent.  While  previously  the  gradient  has  not  been 
more,  and  has  generally  been  less,  than  75  feet  in  20  miles,  or  less 
than  three  inches  per  mile,  we  now  find  the  line  of  150  feet  elevation 
running  at  a  regular  distance  of  about  three  miles  from  that  of  75 
feet,  across  two- thirds  of  the  kingdom  of  Belgium.  We  have  here, 
thexefore,  the  following  noteworthy  phenomena: — (1.)  A  gr^idi^vit, 


^ 
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of  from  20  to  25  feet  per  mile,  instead  of  one  of  8  inches ;  (2.)  The 
parallelism  of  the  lines  of  75  and  150  feet  elevation ;  and  f3.)  The 
parallelism  of  these  lines  with  the  line  of  junction  of  the  Oampine 
sands  and  the  Limon  de  Hesbaje. 

South-east  of  the  150  foot  contonr-line  the  inclination  of  the  surfttce 
again  becomes  comparatively  gradual,  though  somewhat  irregular 
and  more  interrupted  than  was  the  case  in  the  sandy  zone ;  but  from 
the  150  foot  line  to  the  valley  of  the  Mense,  a  distance  of  about  60 
miles,  the  rise  is  not  more  than  about  850  feet,  the  north  bank  of  the 
river  having  an  average  height  of  about  500  feet  above  the  sea  leveL 
This  rise  indicates  a  gradient  of  less  than  six  feet  per  mile,  or  not 
much  more  than  one- fourth  of  that  just  noticed — a  fact  sufficiently 
remarkable  when  placed  in  contrast  with  the  former  alnnipt  declivity, 
and  with  what  is  seen  on  the  south  bank  of  the  river  valley. 

The  line  of  600  feet  elevation  runs  about  two  or  three  miles  to 
the  south  of  the  Meuse  valley,  and  is  succeeded  southwards,  at  a 
mean  distance  of  about  four  miles,  by  the  line  of  800  feet  elevation, 
the  gradient  between  these  two  lines  being,  therefore,  as  high  as  50 
feet  per  mile.  The  succeeding  flatness,  as  already  described  in  the 
previous  cases,  is  once  more  seen  south  of  the  800  feet  line,  for  it 
requires  a  journey  of  about  20  miles  (except  in  the  extreme  east  of 
the  Ardennes)  to  reach  the  line  of  1,000  feet  elevation,  thus  showing 
that  the  gradient  has  fallen  to  about  10  feet  per  mile.  South  of  this 
"inclined  plane"  we  meet  with  another  and  still  more  abrupt 
gradient,  and  then  reach  the  broken  plain  and  the  isolated  eminences 
of  the  Higher  Ardennes. 

The  significance  of  these  facts  to  the  geologist  and  the  physical 
geographer  appears  to  me  so  obvious  that  I  shall  mention  but  very 
briefly  the  conclusions  which  they  forced  upon  my  mind.     In  the 
first  place,  the  Limon  de  Hesbaye  rarely  crosses  Uie  gorge  which 
forms  the  Meuse  valley.    I  have,  therefore,  for  agricultural  purposes, 
mapped  all  the  tract  of  country  south  of  the  Meuse  as  "Strong- 
Plateau-land ;"  but  geologists  know  very  well  that  the  Condroz  and 
the  Ardennes,  which  comprise  that  tract,  consist  of  certain  Palaeozoics 
rocks,  overlain  in  places  by  patches  of  drift  (CaiUoux  Ardennais} 
near  the  numerous  watercourses.     This  drift,  containing  rocks  oE" 
Ardennes  origin,  is  also  found  beneath  the  loam  in  the  Hesbaye  and- 
beneath  the  sand  in  the  Campine. 

North  of  the  Meuse,  and  at  a  lower  level,  therefore,  is  the  more  orr 
less  broken  plateau,  having  the  Limon  de  Hesbaye  as  its  surface— 
deposit ;  and  north  of  this  loam,  at  a  still  lower  level,  is  the  plateata. 
composed  of  the  Campine  Sands.  This  terrace  arrangement,  iiB- 
reference  to  the  geological  age  of  the  surface-deposits  of  Belgium^ 
seems  to  me  capable  of  but  one  interpretation — namely,  that  th9 
Ardennes  drift  (  CaiUoux  Ardennais)  is  the  oldest  of  the  deposits,  th^ 
Limon  de  Hesbaye  the  next  in  succession,  and  the  Campine  Sand9 
the  youngest  of  all,  with  the  exception  of  the  Polders,  which  w^ 
know  to  have  a  historic  date. 

The  Campine  Sands  were  regarded  as  contemporaneous  with  th^ 
Ximon  de  Hesbaye  by  M.  Dumont,  and  as  older  than  it  by  DC- 
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d'Omalius  d'Halloy ;  but  I  venture  to  think  that  the  physical  rela 
tiouB  of  the  deposits  prove  the  higher  antiquity  of  tilie  Limoi 
de  Hesbaye.  The  importance  of  the  question,  however,  should  leac 
to  further  investigations  than  my  agricultural  engagements  left  m< 
time  to  prosecute.  Mr.  Godwin- Austen,  in  his  paper  "On  tfai 
Kiinozoic  formations  of  Belgium/'  remarks': — ''The  age  of  thi 
Gampme  auids  has  been  very  often  discussed.  They  are  now  vex} 
generally  refemd  hf  Belgian  geologists  to  the  Si^Qme  DUmmm 
Though  the  true  Gampine  mafl  h/m  immm  hmm.  fmmd  to  oontaix 
animal  remains  of  any  kind,  it  overlies  a  surface  with  Elepha$  primi 
genius.  It  is  certainly  older  than  the  Polder  mud  deposits  and  Afli 
equivalents,  the  peat  growths.  However,  there  may  still  be  a  greai 
range  between  these  extreme  periods.  In  like  manner,  the  Loesi 
(Limon  de  Hesbaye)  overlies  the  gravel  bedein^^ch  the  fragmentai3 
remains  of  the  great  Pachyderm  fumeoocur.  Both  the  Campine  sandi 
and  the  Loess  are  suhsaqiieiit  accumulations  to  the  Ardennes  quarti 
pebbles ;  but  the  oecurrence  of  these  pebbles  at  the  base  of  both  doei 
not  necessarily  connect  them  with  either,  but  it  suggests  that  then 
two  accumulations  must  be  nearly  of  the  same  age,  cmd  such,  ii 
seems,  was  M.  Dumont's  latest  view." 

The  occasional  occurrence  of  freshwater  and  land  shells  (Succinea 
Pupa,  &c)  in  the  Limon  de  Hesbaye  has  led  to  the  opinion  that  the 
whole  mass  is  of  freshwater  origin.  I  find  it  difficult  to  subscribe 
to  this  view,  and  still  more  so  to  that  which  ascribes  a  contempt 
raneous  formation  to  the  Loess  and  the  Campine  sands ;  as  in  thai 
case  the  sand  must  have  been  deposited  in  the  deeper  water  I 

With  reference  to  the  causes  which  have  produced  the  preseni 
"  form  of  the  ground "  in  Belgium,  these  terraces  seem  to  me  tc 
demonstrate  the  truth  of  Professor  Eamsay's  idea  of  "planes  oi 
marine  denudation,"'  so  far,  at  least,  as  that  country  is  concerned ; 
and  in  the  accompanying  section  I  have  shown  by  a  dotted  lin< 
where  I  conceive  the  planes  of  marine  denudation  left  the  surface  o: 
the  country  to  have  its  present  physiognomy  chiselled  out  by  th< 
force  of  subaerial  agents.^ 

The  delineation  of  the  contour  lines  on  a  map  of  the  surface 
geology  appears  a  most  important  adjunct.  In  the  map  of  Bel 
gium,  it  is  instructive  to  observe  the  remarkable  coincidence  ii 
the  "  behaviour  "  of  the  contour  lines  and  in  that  of  the  geologica 
boundaries,  and  especially  how  they  similarly  become  squeezec 
together  in  the  east  and  widen  out  in  the  west.    The  whole  countrj 

>  Quart.  Journal  Geol.  Soc.,  toI.  xxii.,  p.  250. 

*  A  somewhat  similar  view  of  another  region  has  been  proposed  by  Mr.  6.  A 
Lebonr  to  explain  the  surface-features  of  Western  Brittany.  (See  6bol.  Mag 
Vol.  VI.  1869,  p.  442.)— Edit. 

*  May  we  not  regard  the  far  greater  diTersity  {i.e,  the  more  denuded  cbaracter' 
of  the  surface  covered  by  the  limon  de  Hesbaye  than  of  the  Campine  sand  ngM 
as  an  additional  piece  of  eyidence  in  favour  of  the  previous  denudation  of  the  formei 
region.  The  eminences  in  the  loamy  region  are  numerous,  and  not  unfreau^ti] 
rise  to  a  height  of  from  300  to  400  feet  above  the  neighbouring  valleys,  wnile  ii 
the  Campine  sand  district  a  difference  of  level  of  50  feet  cannot  be  seen  except  in 
the  extreme  east — the  true  Campine. 
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k  lof^im  and  less  divenifled  in  the  east  than  in  the  oentre  of  the 
Kingdom  ;  bnt  in  the  extreme  west  it  begins  to  rise  again,  so  that  if 
»  oertein  portion  of  Fnnoe  had  been  included,  the  map  wonld 
probttblj  have  shown  the  eziatenoe  of  a  great  surfaoe-tioagh  with  a 
DMurl;  north  and  soath  direction. 


in. — Oh  tbz  Oooubbenoe  of  the  Bhatio  Beds  in  Nobth  Shbop- 
BHiBE  ixa  Ghbshire. 

By  Qw>.  Haw,  F.O.8.,  F.LS^  etc. 

rS  oatlying  mass  of  Lias  on  the  borders  of  Shropshire  and 
Cheshire  is  so  thickly  covered  with  Boulder- drift,  that  ita  line 
of  Twumdary  throughout  almost  it«  entire  circiuuference  is  very 
obacore.    1im  dizMit  eeqnence  from  p^^  j 

the    nnderlying    Xenpor    ICuia    ia 
scarcely  anywhere  visible,  and  I  be- 
lieve no  record  of  the  occurrence  of  | 
the  Avicula  contorta  zone  has  hitherto    [ 
been  published. 

About  three  years  ago  I  noticed 
near  Audlem  an  exposure  of  fissile 
shale,  closely  resembling  the  "  Paper- 
^udes  "  of  the  Oarden-cliff  and  other 
Gloucestershire  sections,  and  more  { 
recently  procured  a  small  series  of 
foasils  confirming  their  identity  with 
the  Rhsetic  beda. 

The  strata  represented  in  the  ao- 
oompanying  secdon,  Fig.  1,  occur  in 
a  lane-cutting,  near  Audlem  Mill, 
immediately  to  the  south  of  Audlem 
Railway  Station.  They  dip  about  7" 
to  the  east,  and  include  the  following  | 
beds : — a,  drift  of  variable  thickness  ;  j 
B,  about  8  feet  of  black  fissile  sbaleH 
(Paper-shales) ;  o,  hard  band  of  ruck, 
about  6  inches  thick  ;  n,  a  repetition 
of  black  flaky  shales,  about  lo  feet 
thick,  passing  downwards  into  a  light  buff  marl,  e,  6  feet  thick; 
but  the  junction  is  obscured  by  the  Railway  Bridge.  The  buff  marl 
graduates  into  soft  red  Keuper  marls,  f,  about  5  feet  thick, 
suooeeded  by  hard  variegated  marl,  o,  exposed  in  the  bed  of  the 
tvook. 

The  black  shales,  n,  nbound  with  JrictJa-con/orfa,  and  Mr. 
Etheridge,  who  has  kindly  examined  the  fossils  for  me,  has  also 
determined,  in  the  shales,  d,  Pullastra  arenicola  and  Cardium  Bhati- 
eim;  and  in  the  bed  a,  an  Axinua  and  Pullaetra  arenicola. 

1  could  find  no  continuous  sections  showing  the  juhcUotl  oi.  '^ciaw 
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lieAa  with  ihe  overlymg  Lias,  bat  obont  half  a  mile  higher  np  the 
Y19.  2,  stream  to  Oie  east,  the  bank,  14  feet 

high  (Fig.  2),  preaents  the  following 
section — A,  drift,  two  or  three  feat 
thick  ;  B,  limeBtone  bands,  three  or  four 
inches  thick,  with  obacnie  casts  of 
fossils;  c,  dun-coloured  sandy  shales, 
eight  feet  thiok  ;  s,  blnish-blaok  fisailA 
shales  of  unknown  thioknesa,  oocurring 
in  the  tted  of  the  brook,  and  closely 
resembling  a  or  d  in  section,  Fig.  1, 
f  of  which  it  may  possibly  be  the  upper 
portioD. 

s«uoDh.if.mii.sE..(Ai.ai«>.  Mr.  Ethwidge  has  determined  from 
these  beds  MyaeiUi  miconmiet,  Jlfodiola  minima,  and  Putioslra  arent- 
cola,  and  suggests  that  the  bed  0,  cont^uing  Myacitet,  is  probably 
Lower  Lias.  I  failed  to  find  Avieula  eontorta  in  any  part  of  this 
section. 


IV. — Oh  thx  Lowxb  Silusiah  Books  ot  Oaxashiels. 
By  CHABI.U   Lafwobtk,   Eif. 

P*BT    I. 

(PLATE  VIII.) 

THE  Lower  Silurian  rooks  of  Scotland,  largely  developed  as  they 
are  in  the  south,  and  in  spite  of  the  great  labour  that  has  been 
bestowed  upon  them,  are  by  far  the  least  known  of  all  the  fossiliferouB 
formations  of  that  country.  While  the  maps  of  the  Qovemment  Geo- 
le^oa!  Survey  are  coloured  in  all  the  BubdivisionB  of  the  strata  of 
the  other  formations  included  in  their  area,  the  Lower  Silurians  an 
merely  indicated  by  a  common  purple  tint,  and  not  the  slightest 
attempt  at  a  subdivision  is  made.  Even  the  smgle  bed  of  Limestone 
they  contain,  below  the  horizon  of  that  of  the  W.  coast,  is  doubtfully 
referred  .to  the  Llaudeilo,  and  the  sign  of  interrogation  is  carefully 
placed  before  its  title.,  Nicol,  Harknees,  J.  0.  Moore,  and  many 
other  eminent  geologists,  have  worked  different  portions  of  these 
ancient  deposits  since  the  publication  of  "  TTie  Silunan  System,"  but 
as  yet  very  little  progress  has  really  been  made  in  oon:>elating  its 
different  parts  with  those  of  the  type  formation  of  the  sister  counby. 
Now,  Utis  want  of  accurate  information  is  due  to  two  causes.  1st 
— The  strata  are  so  rapidly  folded  and  contorted,  and  are  oouse- 
quently  so  intricate  and  confused,  whilei  at  the  same  time,  thsy  . 
present  so  few  differenoes  lithologioally,  that  anything  like  a  physicd 
separation  of  its  masses  is  weU  nigh  impossible ;  and  2nd — The 
whole  formation,  with  the  exception  of  a  few  isolated  bands  of  Lim^ 
stone  towards  the  west,  and  some  bands  of  Anthraoitio  shale  that 
make  their  appearance  about  the  geographical  centre  of  the  system, 
wems  to  ha  neadj  deatitiite  of  ot^;anio  temains. 


WJ               U  B  M                                    1      «B 
5      uj                ■)     ;     1                                  i      ^ 

*      w    «            S     S     -                                              1^ 

t 

? 

^  S     3   =          1    S    -        TL                         Js 

^  * 

l\M\   lliAfc>      it 

"1 

iri!i  lifiiv    -"1 

s 

s 

=      ^      5       « Ji  ffl^^^^r                ^ 

g 

'^                               '   ''  iJ'il/'iilliAsffiSF--            s3 

5 

"  ^ 

0  g 

\j .  ^""/-^^•-'  '  .y^k  S 

\ii  ii^  /  sio^v-'  ^    ^  \^      '  A  *  ^w8l^   « 

>  'NVs     O'^''      ^          ^-   ~-w  A'= 'rt^luK    d 

.    "^                                  Vi..~^-w^i„          ')    i\                  y^ 

1 

.11 

C.  Lajnocrth'^GeoIogy  of  OalasAiels.  £05 

The  following  has  been  considered  to  be  the  ascending  ordec  in 
the  Lower  Silurian  of  the  South  of  Scotland : — 

1.  The  Bottom  Bocks  of  Hawick  and  Borthwick  water. 

2.  The  parti-coloured  Shales  and  Greywackes  of  Dryfe  water. 

3.  The  MofGsit  Series  or  Anthraoitic  Schists. 

4.  A  thick  group  of  Greywackes  and  Shales,  supposed  to  include: 
the  Grieston  and  Barlae  flags. 

5.  The  Wrae  Limestone  and  its  superimposed  Shales. 

6.  The  Garadoo  of  GKrvan. 

7.  The  Llandovery  of  Girvan. 

Such  is  the  order  generally  received  among  geologists,  but  there 
is  necessarily  mudi  difference  of  opinion,  and  all  below  the  limestones 
of  Carrick  may  be  said  to  be  in  an  exceedingly  confused  and  uncer- 
tain condition.  The  Wrae  Limestone  has  been  paralleled  by  somey 
with  that  of  the  Stinchar,  and  considered  to  be  the  equivalent  of  the^ 
9ala  Limestone  of  Wales,  while  the  Geological  Survey  doubtingly. 
Blaoes  it  among  the  Llandeilo  beds.  At  the  same  time  the  Anthraoitio 
Schists  of  MofEat  are  proved  by  their  fossil  contents  to  belong  to  the 
Upper  Llandeilo,  and  thus  no  place  is  left  in  the  system  for  the  24,000 
feet  of  strata  supposed  to  lie  between  these  well-marked  horizons. 
(G[eoL  Journal,  voL  xi.,  p.  393.) 

Professor  Harkness  endeavours  to  rid  himself  of  this  awkward 
difficulty  by  placing  the  Mof&it  beds  in  the  Lower  Llandeilo,  and 
considering  them  of  the  age  of  the  Skiddaw  Slates  (Geol.  Journal^ 
voL  xL,  p.  393),  and,  when  this  idea  has  to  be  abandoned,  by 
supposing  the  Grieston  and  Barlae  flags  to  represent  the  Fucoidal 
Sandstones  of  Sweden,  and  thus  to  be  inferior  to  the  Moffat  series, 
but  repeated  to  the  north  by  faulto  or  flexures  (Geol.  Journal,  vol. 
xii.,  p.  238)  ;  while  Mr.  Gkikie  is  of  opinion  that  *^  One  cannot  cross 
the  section  of  these  strata  in  the  railway  cuttings,  or  traverse  the 
valleys  between  the  line  of  the  Wrae  Limestone  and  the  Dobb's  Linn 
Anthraoitic  bands,  without  surmising  that  on  the  whole  there  is  an 
ascending  section  to  the  N.W.,  and  hence,  that  there  must  be  a  group 
of  thick  beds  of  Greywackes  and  Shales  between  the  Anthracitio 
series  and  the  Limestone."     (Trans.  Geol.  Soc,  Glas.,  v.  iii.,  p.  81.) 

There  are  three  places  known  to  be  fossUiferous  in  this  unplaced 
and  puzzling  portion  of  the  Lower  Silurian — viz.,  Grieston,  near 
Linerleithen ;  Thomilee,  near  Galashiels ;  and  Barlae,  near  New 
Ghdloway. 

From  the  Grieston,  Professor  Nicol  obtained  Graptolithus  priodon 
(Bronn),  0.  coneolutua  (His.),  G.  distans  and  0.  tenuis  (Portlk.),  and 
a  new  species  he  named  Grieatonensis,    (Geol.  Journal,  vol.  vi.,  p.  53.) 

From  Thomilee  he  obtained  G,  priodon,  6r.  convolutus,  and  another 
form,  which  Mr.  Salter  ultimately  pronounced  to  be  a  scalariform 
impression  of  G.  Sagittarius  (His.) ;  also  Crossopodia  Scotica  (M*Coy), 
and  Nereites  Cambrensis  (Murch.).     (Geol.  Journal,  vol.  xi.,  p.  63.) 

From  the  Barlae  flags  Professor  Harkness  has  obtained  Chondrites, 
Crossopodia,  Trichoides,  Algce,  and  a  small  Olenus.     (Geol.  Journal, 
vol.  xi.,  p.  393.) 
;  If  we  except  0,  priodon,  and  allow  the  AnnelideB  a  E\iax^  m  ^^\j^-. , 
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mining  the  age  of  the  strata,  the  whole  fisiana  seems  to  point  to  a 
very  low  place  in  the  system,  and  Professor  Harkness  appears  qnite 
justified  in  referring  the  whole  group  to  a  position  inferior  to  that  of 
the  Moffat  Series. 

Now,  it  is  of  this  especial  portion  of  the  Scottish  Lower  Silnrians  I 
have  to  speak,  and  I  trust  I  shall  he  ahle  to  show,  from  its  fossil 
contents,  that  it  is  not  only  superior  to  the  Moffat  heds,  but  that  the 
evidence  goes  far  to  show  that  it  is  the  representative^  in  time,  of 
part  of  the  Coniston  group  of  England,  or  in  other  words,  of  a  portion 
of  the  Caradoc  formation  of  the  typical  Siluria. 

THX  LOWEB  SILUBIAKS  OF   OALASHIBLS. 

The  town  of  Galashiels  lies  about  four  miles  to  the  south-east  of 
the  Thomilee  Quarry,  mentioned  above,  and,  as  nearly  as  I  can  ascer- 
tain, about  the  centre  of  the  puzzling  group  of  strata  I  have  more 
particularly  noticed.  (Jntil  within  the  last  year  no  fossils  had  been 
found  in  the  neighbourhood,  south  of  Thomilee ;  and  it  is  with  their 
discovery,  and  the  light  they  throw  on  the  position  and  age  of  the 
strata,  I  have  more  especially  to  deal. 

My  colleague — Mr.  James  Wilson,  of  Galashiels — and  myself, 
assisted  by  Mr.  Wardrop,  of  Ladhope,  have  devoted  much  of  our 
leisure  to  the  careful  examination  of  the  rocks  of  the  neighbourhood, 
during  the  past  summer,  and  have  foimd  them  to  be  abundantly  fossil- 
iferous  in  places,  and  to  contain  what  seems  to  be  a  distinct  and 
characteristic  fauna. 

The  rocks  from  which  fossils  have  been  obtained  stretch  in  a 
north-westerly  direction  from  the  Eildon  Hills,  through  the  town  of 
Galashiels,  to  the  Thomilee  Quarry ;  and  as  the  Grieston  contains 
the  same  fauna,  generally  speaking,  as  that  of  our  higher  beds,  I 
shall  include  that  classic  quarry  in  my  description. 

The  whole  series,  which  may  be  called  **The  Gala  Group,"  is 
separable  into  four  main  divisions,  in  what  seems  to  be  the  ascending 
order,  viz. : — 

1.  The  Abbotsford  flags  and  Greywackes, 

2.  The  Gala  Grits, 

3.  The  Buckholm  Sandstones, 

4.  The  Slates  of  Thomilee  and  the  Grieston, 

the  whole  underlain  by  the  representative  of  the  higher  portion  of 
the  Moffat  Series,  or  Anthracitic  Schists. 

All  these  beds  dip,  as  a  rule,  to  the  N.W.  till  they  reach  Thomilee, 
where  they  turn  over  to  the  S.E.,  and  continue  thus  to  Innerleithen, 
where  the  N.W.  dip  is  resumed  and  is  held  to  the  Grieston. 

The  average  dip  is  about  60^,  and  the  total  distance  across  the 
strike  about  three  miles,  which  gives  us  a  gross  thickness,  in  round 
numbers,  of  13,000  feet  Allowing  one-third  of  this  for  folds,  we 
have  a  net  thickness  of  about  9,000  feet,  to  which,  if  we  add  1,000 
feet  for  the  slates  of  Thomilee  and  the  Grieston,  we  get  an  approxi- 
mate thickness  of  10,000  feet  for  the  whole  of  the  known  Gala  Group 
—or  less  than  one-half  that  estimated  by  Professor  Harkness  (G^L 
Journal,  YoL  xL,  p.  S9S).    This  is  the  greatest  thioknees  possible; 
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the  real  thickness  may  be  but  a  fraction  of  this  estimate,  but  it  cannot 
exceed  it. 

There  are  few  exposures  of  the  rocks  themselves.  Quarries  for 
dry-stone  dykes,  and  the  rocky  beds  of  rivers,  which  are  submerged 
for  ten  months  in  the  year,  afford,  roughly  speakiug,  the  only  means 
of  reaching  the  strata,  so  that  nothing  like  a  section  is  attempted, 
and  a  short  description  only  of  the  different  beds  is  subjoined; 
premising  that  the  distinctive  lithological  characters  are  drawn  prin- 
oipally  from  the  varying  appearance  of  the  more  shaly  strata,  and 
that  the  order  here  adopted  is  necessarily  to  a  certain  extent  geo- 
graphical. 

(A)  Bocks  of  the  Moffat  Series. 

First,  then,  for  the  underlying  band  of  Anthracite,  which  I  have 
classed  provisionally  with  the  Moffat  Series. 

The  Black  Shales  make  their  first  appearance  in  the  neighbourhood 
in  a  small  stream  f&lling  into  the  Ettrick  below  Sunderland,  about  a 
mile  and  a  half  above  the  junction  of  the  Ettrick  and  Tweed.  They 
are  associated  with  h^d-jointed  grits,  and  indurated  yellow,  bluish, 
or  white  shales,  and  have  as  yet  yielded  no  fossils. 

They  are  next  seen  crossing  the  Ettrick,  at  Lindean  Bridge,  are 
of  the  usual  type,  and  exceediugly  crushed  and  contorted.  They 
have,  however,  here  yielded  D.  pristis  (His.)  and  a  Cladograpaus. 

Prolonging  the  line  of  strike  (which  is  here  from  20°  to  25°  N.E.), 
we  meet  with  the  Black  Shales  once  more  in  a  small  bum  that  runs 
from  near  Cauldshiels  into  the  Ettrick,  a  quarter  of  a  mile  below 
Lindean.  They  are  here  developed  to  a  greater  extent  than  at  any 
other  place  in  the  district,  and  have,  as  usual,  been  fruitlessly  bored 
for  coal.  They  are  excessively  disturbed,  and  are  interlaced  by  fine 
veinings  of  quartz;  but  we  have  managed  to  obtain  from  them 
Diplograpstis  teretiusctdus  (His.),  D.  vesiculosus  (Nicli.),  D.  pristis 
(His.),  Cladograpaus  capillaris  (Carr),  and  GraptoUthus  Sagittarius 
(His.).  They  are  not  seen  again  until  we  reach  a  small  bum  that 
runs  down  from  the  hills  to  the  west  of  Eildon,  through  a  gully 
called  the  Rhymer's  Glen,  but  there  are  traces  of  their  presence  at 
the  S.E.  end  of  Cauldshiels  Loch,  where  their  associated  purple  and 
whitish  shales  are  seen  intersected  by  many  dykes  of  the  Eildon 
porphyry,  and  from  these  shfides  we  have  procured  Graptolites 
lobtferus  (M'Coy),  i.e.,  G.  Beckii  (Barr)  and  G,  Nicoli  (Hark.),  two 
varieties  of  (r.  Nilssoni  (Barr),  G.  Sedgwickii  (Portlock),  Bastrites 
triangtdatus  (Hark.),  B,  maximus  (Barr),  B.  Linncsi  (Barr),  in  addition 
to  those  mentioned  as  present  in  the  Lindean  bum. 

At  the  Rhymer's  Glen  the  dark  shales  are  seen  to  be  interstratified 
with  heavy  greywackes,  and  the  purple  and  blue  shales  are  well 
exposed,  but  seem  to  be  unfossiliferous.  The  black  beds  have  yielded 
Siphonotreta  micula  (M*Coy),  together  with  a  few  fragments  of 
GraptoUthus, 

After  passing  beneath  the  south  slope  of  Eildon,  and  crossing  the 
railway  near  Newstead,  where  their  course  can  be  made  out  with 
difficulty,  they  are  seen  for  the  last  time,  before  they  plunge  b^n»dk\2cL 
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the  Old  Bed  Sandstone  of  B^rwiokBbire,  in  the  north  bank  of  Tweed, 
about  200  yards  above  the  railway  yiadnct  at  Leadeifoot^  and  axe 
oharged  with  DiplograpauB  priatis. 

The  relation  of  this  band  of  black  shale  to  the  aaaoGiated  strata  in 
this  district  is  Tery  obscure ;  but,  as  we  have  never  been  able  to 
detect  it  either  to  the  north  or  south  of  this  line,  it  may  be  surmised 
that  there  is  no  great  dislocation  of  the  strata,  and  no  fold  of  soffioient 
intensity  to  bring  the  band  again  to  the  sur&oe. 

Svery  fossil  yet  found  in  these  beds  belongs  to  the  fauna  of  MoifiGEit» 
and  there  is  very  little  doubt  that  this  line  of  Idaok  diale  is  the: 
continuation  of  that  which  is  so  persistent  in  that  district;  or,  if 
there  be  more  than  one  band,  this  must  be  the  higher,  or  that  of 
Dobbs*  Linn  and  Frenchland  Bum,  which  seems  characterised  by 
the  comparative  rarity  of  Didymograpaua  and  other  peculiar  lilandailo 
forms. 

(B)  The  OaXa  Group. 

(1.)  The  Ahhotsford  Flags  and  Greywaches.'^Theee  lie  to  the  north. 
of  the  line  of  Anthracitic  Shale  that  marks  the  approach  to  the 
summit  of  the  Moffat  beds,  from  which  I  imagine  they  are  separated, 
by  some  thick  band  of  hard  conglomeratic  grit,  whicb  contains  amall 
firagments  of  the  Black  Shales  here  and  there  in  abundance. 

These  peculiar  grits  seem  to  be  pretty  persistent,  for  I  have  met 
with  them  in  the  neighbourhood  of  St.  Mary's  Loch,  thirty  miles  dis- 
tant along  the  strike,  and  apparently  holding  the  same  position  with; 
reference  to  the  Black  Shales.  We  have,  however,  never  met  with 
these  beds  in  situ  in  tliis  district,  though  I  have  found  angular 
fragments  of  the  peculiar  stone  strewn  over  the  fields  to  the  north 
of  Cauldshiels.  These  marked  beds  seem  to  point  to  a  want  of. 
conformity  between  the  Gala  and  Moffat  beds — locally,  at  leasts  i£ 
not  throughout  the  whole  extent  of  the  Lower  Silurian  of  the  south, 
of  Scotland. 

Above  this  grit,  as  far  as  can  yet  be  ascertained,  come  rapid  alter- 
nations of  flaggy  schists,  with  shaly  partings,  often  bluish  or  dark 
grey  in  colour,  and  containing  here  and  there  seams  of  slightly 
carbonaceous  shale,  often  tinged  with  oxide  of  iron ;  sometimes  finely 
levigated  and  apparently  unfossiliferous,  sometimes  of  a  more  arena* 
oeous  character  and  containing  fossils. 

These  flaggy  beds,  of  which  there  is  no  workable  exposure  in  the 
GhJa  country,  have  yielded  in  the  Yarrow,  above  Selkirk,  OraptoliihuB- 
priodon  (Bronn),  0.  Sedgwickii  (Port),  O.  lobifems  (M'Coy),  0.  NiU^ 
8oni  (Barr),  Bastrites  triangulatua  (Hark.),  K  lAwnad  (Barr),  and  Dip. 
teretiusculus  (His.). 

Chraptolithus  priodon  distinguishes  the  beds  at  once  from  those  o£ 
Moffat,  and  proves  conclusively  that  we  are  now  in  a  superior  set  of 
strata. 

These  flaggy  and  scbistoze  beds  are  succeeded  on  the  north  by 
niore  solid-bedded  greywackes,  full  of  innumerable  joints,  and  often 
separated  by  beds  of  slightly  arenaceous  shale.  The  surfaces  of  thsr 
joints  are  often  coated  with  indigo-coloui^ed  matter,  while  the  sbaba. 
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mfthflT  in  nearly  all  oases  to  a  pale  yellow  tinge.  These  beds 
aro  exposed  along  the  Tweed,  from  the  junction  of  that  riyer  with 
the  Ettrioky  almost  to  the  town  of  Melrose,  wherever  the  bank  or 
bed  of  the  river  is  rooky. 

The  fossilB  here  present  a  more  decided  Coniston  fieunes,  and  include 
O.  Sedgwiddi — ipinigerua  (Nich.),  proteuM  (Barr),  and  triangnlaiMM 
(Hark.)— (?.  lMferu8  (M<Coy),  O.  exiguua  (Nich.),  G.  Nilsaam,  O. 
joTiodan  (Bronn),  O,  colonua  (Barr),  G,  iurrictdaiua  (Barr),  and 
MeOoUiea  GeiniUsianus  (Barr),  together  with  Dictyonema^  Peltocari$ 
ap^hoidea  (Salt),  Ceratioearia  ap.,  Orthoceraa,  and  many  indeter- 
minate fossils,  amon^  which  are  fragments  of  a  couple  of  Yarieties 
of  Corals,  a  reticulated  fossil — ^perhaps  Stramatopora  atriatdla 
(Lonsdale) — and  what  Dr.  Page  considers  to  be  the  jaw-foot  of  some 
species  of  Pterygotua. 

(2.)  The  Gala  Grita. — Overlying  the  Abbotsford  beds,  and  divided 
from  them  by  a  persistent  sett  of  laminated  or  tiley  beds  (the  Bridgend 
Flags),  and  also  surmounted  by  another  band  of  nearly  the  same 
nature  (the  Ellwand  Slate),  come  the  Gala  Grits.  They  consist 
generally  of  heavy  greywaokes,  with  shaly  partings,  and  contain 
occasionally  seams  or  beds  of  foliated  shale  of  varying  colours, 
generally  yellow  or  reddish,  but  sometimes  of  a  cold  green  colour. 
The  thinner  seams  are  finer  in  texture,  often  grey  and  crumbly, 
sometimes  blue  or  dark  green,  and  hard  and  splintery.  The  grits  of 
the  lower  beds  are  fine-grained,  homogeneous,  groon,  and  thin-bedded ; 
those  of  the  upper  portions  are  heavier,  of  a  fine  blue  colour,  and 
very  quartzose. 

Fossils  are  comparatively  rare,  and  where  found  are  those  of  the 
Abbotsford  Grey  wackes. 

{lb  b$  concluded  in  the  June  li umber ») 
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y. — Ths  Bouldeb-clay  of  Caithness  a  Pboduct  of  Land-iob. 
By  James  Cboll,  of  the  Geological  Sonrej  of   Scotland. 

PABT    I.» 
Hie  Nature  of  the  Caithness  Boulder-day. 
CONSIDERABLE  amount  of  difficulty  has  been  felt  by  geolo- 


gists in  accounting  for  the  origin  of  the  BouIdcr-clay  of 
Caithness.      It  is  an   unstratified  clay,  of  a  deep  grey  or  Klaty 
colour,  resembling  much  that  of  the  Caithness  flags  on  which  it 
rests.     It  is  thus  described  by  Mr.  Jamieson  (Quart  Jour.  Gcol.  Soc.. 
vol.  xxii.  p.  261) : 

''The  glacial  drift  of  Caithness  is  particularly  interesting  as  an 
example  of  a  Bouldcr-clay,  which  in  its  mode  of  accumulation  and 
ioe-scratchcd  debris  very  much  resembles  that  unstratifiod  stony 
mud  which  occurs  underneath  glaciers — the  '  moraine  profonde,*  as 
some  call  it 

^  ThiB  paper  is  illoftrated  by  a  Map  (Platb  X),  which  will  appear,  together 
with  the  concluding  part  of  the  article,  m  our  June  ^  umber. —Edit. 
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"The  appearance  of  the  drift  along  the  Haster  Bom,  and  iv 
many  other  places  in  Caithness,  is  in  fact  precisely  the  same  ai  that 
of  the  old  Bonlder-clay  of  the  rest  of  Scotland,  exoept  that  it  im 
charged  with  remains  of  sea  shells  and  other  marine  organiamd* 

"  If  want  of  stratification,  hardness  of  texture,  and  abondanoe  of 
well-glaciated  stones  and  boulders  are  to  be  the  tests  for  what  we 
call  genuine  Boulder-clay,  then  much  of  the  Caithness  Drifl  will 
stand  the  ordeal." 

80  far,  therefore,  as  the  mere  appearance  of  the  drift  is  oonoemed; 
it  would  be  at  once  pronounced  to  be  true  Lower  Till,  the  product 
of  land-ioe.  But  there  are  two  circumstances  connected  with  Ur 
which  have  been  generally  regarded  as  fatal  to  this  conclusion. 

(1)  The  strise  on  the  rocks  show  that  the  ice  which  formed  the 
day  must  have  come  from  the  sea,  and  not  from  the  interior  of  the 
country ;  for  their  direction  is  almost  at  right  angles  to  what  it 
would  have  been  had  the  ice  come  from  the  interior.  Over  the  whole 
district,  the  direction  of  the  grooves  and  scratches  on  the  rocks  is 
pretty  nearly  N.W.  and  8.E.  But  this  is  not  all,  the  very  stones 
in  the  clay  are  striated  in  this  direction.  "When  examining  the 
sections  along  the  Haster  Bum,"  says  Mr.  Jamieson,  '*  in  company 
with  Mr.  Joseph  Anderson,  I  remarked  that  the  stri»  on  the 
imbedded  fragments  generally  agreed  in  direction  with  those  of  the 
rocks  beneath.  The  scratches  on  the  boulders,  as  usual,  run  length- 
ways along  the  stones  when  they  are  of  an  elongated  form  ;  and  the 
position  of  these  stones,  as  they  lie  embedded  in  the  drift  is,  as  a 
rule,  such  that  their  longer  axes  point  in  the  same  direction  as  do 
the  scratches  on  the  solid  rock  beneath ;  showing  that  the  same 
agency  that  scored  the  rocks  also  ground  and  pushed  along  the 
drift" 

Mr.  Peach  informs  me  that  he  seldom  or  never  found  a  stone  with 
two  sets  of  strisB  on  it,  a  fact  indicating,  as  Mr.  Jamieson  remarks, 
that  the  drift  was  produced  by  one  great  movement  invariably  in  the 
same  direction.  Let  it  be  borne  in  mind  that  the  ice,  which  thus 
moved  over  Caithness  in  this  invariable  track,  must  either  have 
come  from  the  Atlantic  to  the  N.W.,  or  from  the  Moray  Firth  to 
the  S.E. 

(2)  The  Boulder-clay  of  Caithness  is  full  of  sea-shells  and  other 
marine  remains.  The  shells  are  in  a  broken  condition,  and  are 
interspersed  like  the  stones  through  the  entire  mass  of  the  day. 
Mr.  Jamieson  states  that  he  nowhere  observed  any  instance  of  shellt 
being  found  in  an  undisturbed  condition,  **  nor  could  I  hear,"  he 
says,  *'  of  any  such  having  been  found  ;  there  seems  to  be  no  suoh 
thing  as  a  bed  of  laminated  silt  with  shells  in  «t7u."  The  shell* 
'ftBgments  are  scratched  and  ice- worn,  the  same  as  the  stones  found 
in  the  clay.  Not  only  are  the  shells  glaciated,  but  even  the 
Foraminifera,  when  seen  through  the  microscope,  have  a  rubbed  and 
worn  appearance.  Tlie  shells  have  evidently  been  broken,  striated^ 
and  pushed  along  by  the  ice  at  the  time  the  Boulder-clay  was  b^ng 
formed. 
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ThB9rie»  Begmrimg  ihe  Origin  of  the  CaiilmeU'dcnf. 

Hi*.  Jamieaon,  as  we  haT^  seen,  freely  admits  that  tbe  Bonlder- 
cAacy  ef  Caithness  has  the  appearance  of  true  land-ice  Till,  but  i^m 
ite  )?.W.  and  SJB.  direction  of  the  strisB  on  the  rocks,  and  the 
pt^eaenoe  of  sea-shells  in  the  clay,  he  has  come  to  the  conclosion  thai 
the  glaciation  of  Caithness  has  been  effected  by  floating  ice  at  a 
time  when  the  district  was  submerged.  I  have  always  felt  con-> 
▼inoed  that  Bfr.  Jamieeoik  had  not  hit  npon  the  true  explanation  of 
Hie  phenomena. 

(1}  It  is  physically  impossible  that  any  deposit  formed  by  ice* 
bergs  could  be  wholly  unstratified.  Suppose  amass  of  the  materials 
which  would  form  Boulder-clay  is  dropped  into  the  sea  from,  say  an 
ioebeig,  the  heavier  parts,  such  as  stones,  will  reach  the  bottom  first. 
Then  will  foHow  lighter  materials,  such  as  sand,  then  clay,  and  last 
of  all  the  mud  will  settle  dawn  over  tbe  whole  in  fine  layers.  The 
difierent  masses  dropped  from  the  various  icebergs,  will,  no  doubt, 
lie*  in  eonfnsien  one  over  the>otheiv  but  each,  separate  mass  will  show 
signs  of  stratification.  A.  good  deal  of  Boulder-clay  evidently  has 
been  fbnned  in  the  sea,  but  if  the  clby  be  unstratified,  it  must  have 
been  fi^rmed  under  glaciers  moving  along  the  sea  bottom  as  on  dry 
ground.  Whether  unstratified  Boulder-clay  may  happen  to  be  formed 
under  water  or  on  dry  land,  it  must  in  either  case  be  the  product  of 
laad-ice  (see  Philosophical  Magazine  for  November,  1868,  p.  374). 
Hiose  who  imagine  that  materials,  differing  in  specific  gravity 
like  those  which  compose  Boulder-clay,  dropped  into  water,  can 
settle  down  without  assuming  the  stratified  form,  should  make 
the  experiment,  and  they  would  soon  satisfy  themselves  that  the 
thing  is  physically  impossible.  The  notion  that  unstratified  Boulder- 
day  could  be  formed  by  deposits  from  floating  ice,  is  not  only 
erroneous,  but  is  also  positively  pernicious,  for  it  tends  to  lead  those 
who  entertain  it  astray  in  regard  to  the  whole  question  of  the  origin 
of  drift. 

(2)  It  is  alsa  physically  impossible  that  ice-markings,  such  as 
those  everywhere  found  on  the  rocky  face  of  the  district,  and  on  the 
imbedded  pebbles  and  shells  found  in  the  clay,  could  have  been 
effected  by  any  other  agency  than  that  of  land-ice.  I  need  not  here 
enter  into  any  discussion  on  this  point.  This  has  been  done  at  con- 
siderable length  on  a  former  occasion — (see  Philosophical  Magazine 
for  November,  1868,  pp.  o66-374).  A  discussion  on  this  point  is, 
however,  unnecessary  in  the  present  case,  because,  if  it  can  be  shown 
that  all  the  facts  can  be  accounted  for  in  the  most  natural  manner  by 
the  theory  of  land-ice,  no  one  will  seek  to  contend  for  the  floating-ice 
theory ;  for  it  is  admitted  that,  with  the  exception  of  the  direction 
of  the  striae  and  the  presence  of  the  shells,  all  the  other  facts  agree 
better  with  the  land-ice  than  with  the  floating-ice  theory. 

My  first  impression  on  the  subject  was  that  the  glaciation  of 
Caithness  had  been  effected  by  the  polar  ice-cap,  which,  during  the 
severer  part  of  the  glacial  epoch,  must  have  extended  down  to  at 
least  the  latitude  of  the  north  of  Scotland. 

On  a  former  occasion,  see  the  "  Reader"  for  14th  October^  18^S, 
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it  was  shown  that,  owing  to  the  shallowness  of  the  northern  seas, 
those  seas  must  have  been  at  that  period  all  blocked  np  widi  solid 
ioe,  displacing  the  water  and  moving  along  the  sea  bottoms,  tbo 
same  as  on  dry  land  elevated  above  ihe  «ea  level.  In  fiict  the 
northern  seas,  including  the  German  Ocean*  being  filled  at  the  time 
with  glacier-ice,  -might  be -regarded  as  dry  land.  Ice  of  this  8ort» 
moving  along  the  bed  of  the  German  Ocean  or  North  Sea,  aad  OYor 
Caithness,  could  .not  fail  to  push  before  it  the  ediells  and  other 
animal  remains  lying  on  the  sea  bottom,  and  to  mix  them  up  with 
the  clay  which  now  remwis  upon  the  land  as  the  evidence  of  its 
progress. 

About  two  years  ago  J  had  a  eonyersation  with  Mr.  Peach  on  the 
subject  This  genUeman,  lis  is  well  known,  has  long  been  familiar 
with  the  Boulder-day  of  Caithness.  Se  felt  convinced  that  the  daj 
of  that  country  is  the  true  lower  till,  and  not  a  more  recent  deposit^ 
as  Mr.  Jamieson  supposes.  He  expressed  to  me  his  opinion  that  the 
glaciation  of  Caithness  had  been  e£fected  by  masses  of  land-ice 
crossing  the  Moray  Firth  from  the  mountain  ranges  to  the  South- 
east, and  passiag  over-  Caithness  in  its  course.  The  difficulty  which 
seems  to  beset  this  theory  is,  that  a  glacier  entering  the  Firth  would 
not  leave  it  and  ascend  over  upon  Caithness.  It  would  take  the  path 
of  least  resistance  and  move  into  the  North  Sea,  wjiere  it  would  find 
a  free  passage  into  deeper  water.  Mr.  Peach's  theory  b  however 
exi  important  step  in  the  right  direction.  It  is  a  part  of  the  truth* 
but  1  believe  not  the  whole  truth.  The  following  is  submitted  as  a 
solution  of  the  question. 

The  Proposed  TJieory. 

The  opinion  is  now  pretty  well  established  that,  during  the  severer 
part  of  the  Glacial  period,  Scotland  was  covered  with  one  continuous 
mantle  of  ice,  of  such  a  thickness  as  to  bury  under  it  the  Ochila, 
Sidlaw,  Pentlouds,  Campsie,  and  other  moderately  high  mountain 
ranges.  For  example,  Mr.  -Geikie  and  some  of  the  other  officers  of 
the  Geological  Survey  found  that  the  great  masses  of  the  ice  from 
the  North-west  Highlands,  came  straiglit  aver  the  Ochils  of  Perth- 
shire and  the  Lomouds  of  Fife.  In  fact,  these  mountain  ridges  were 
not  sufficiently  high  to  deflect  the  icy  stream  either  to  the  right  hand 
or  to  the  left.  The  flattened  and  rounded  tops  of  the  Cam|)sie, 
Pentland,  and  Lammermoor  ranges,  bear  testimony  to  the  denuding 
power  of  ice.  And  I  have  l>een  informed  that  a  member  of  the 
Sdinburgb  Geological  Society  bus  lately  found  Boulder-clay  on  the 
l^entlands  at  an  elevation  of  I, GOO  feet 

The  following  facts,  rcponled  by  Mr.  Jamieson,  will  show  how 
prodigious  must  have  been  the  thickness  of  the  ice  in  the  North 
Highlands. 

*'  All  the  facts,"  says  Mr.  Jamieson,  ''are  in  harmony  with  the  notion 
that  the  ice  was  .of  enormous  thickness,  llius  the  detached  moun- 
i^n  of  Schehallion  in  Perthshire,  3.600  feet  high,  is  marked  near 
the  top  as  well  as  on  its  flanks,  and  this  not  by  ice  flowing  down  the 
Aides  .of  the  hill  itself^  but  by  ice  pressing  over  it  fiom  the  north. 
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On  the  top  of  anotber  isolated  bill,  called  Morven,  about  8,000  feet 
-liigh,  and  Bitnated  a  few  miles  to  tbe  nor^  of  the  village  of 
'Biulater,  in  the  county  of  Aberdeen,  I  found  grank  e  boulders  unlilse 
4iie  rook  of  the  hill,  and  apparently  derived  from  the  mountains  to 
the  west    Again,  on  the  highest  water-sheds  of  the  Ochils,  At 
al^odes  of  about  2,000' feet,  I  found  this  summer  (18G4),  pieces  of 
mica  schist  full  of  garnets,  which  seem  to  have  come  from  the 
Orampian  Hills  to  the  north-west,   showing  that  the  transporting 
iagent  had  overflowed  even  the  highest  parts  of  the  Ochil  ridge. 
And  on  the  West  Lomonds,  in  Fifeshire,  at  Clattering- well  Quarry* 
•ly450  feet  high,  I  found  ice-worn  pebbles  of  Red  Sandstone  anf 
porphyry  in  the  debris,  covering  the  Carboniferous  Limestone  of  the 
top  of  the  Bishop  Hill.     Facts  like  these  meet  us  every  wheroi    Thnt 
on  the  Perthshire  Hills,  between  Blair  Athol  and  Dunkeld,  I  found 
ice-worn  surfaces  of  rocks  on  the  tops  of  hills,  at  elevations- of  2,200 
feet,  as  if  caused  by  ice  pressing  over  them  from  the  north- wet|, 
and  tranq>orting  boulders-  at  even^  greater  heights."    Jounii.  QeoL 
8oc.,  voL  xzi.,  p.  165. 

It  is  therefore  evident  that  the  great  mass  of  ice  entering  tike 
North  Sea  to  the  East  of  Scotland,  especially  about  the  Firths  of 
Forth  and  Tay,  could  not  have  been  less  than  from  1,000  to  2,006 
feet  in  thickness.  Its  thickness,  however,  was  probably  much 
greater  than  that 

The  grand  question  now  to  be  considered  is,  what  became  of  the 
bnge  sheet  of  ice  after  it  entered  the  North-Sea  ?  Did  it  then  break 
np,  and  float  away  as  icebergs  ?  This,  hitherto,  appears  to  have  been 
taken  for  granted.  The  average  depth  of  the  North  Sea  is  not  over 
40  &thoms.  It  is  therefore^  perfectly  obvious  that  a  glacier  1^000  or 
2,000  feet  in  thickness  could  not  possibly  have  floated  in  such  a  seal 
This  depth  of  water  is  not  sufficient  to  float  a  glacier  300  feet 
thick.  The  ice  must  consequently  have  moved  along  on  the  bed  of 
the  sea  in  one  unbroken  mass,  the  same  as  it  would  have  done  had 
its  bed  been  dry  land.  The  North  Sea  gradually  deepens,  from 
about  20  fathoms  at  the  English  Channel  to  about  50  fathoms  at  the 
north  of  Scotland.  The  50-£Githom  line  crosses  from  about  the 
Moray  Firth  over  to  near  the  coast  of  Norway,  and  we  must  go  to 
the  north  and  west  of  the  Orkney  and  ShetliJid  Islands  before  we 
reach  the  100-fathom  line.  The  ice-sheet  of  Scotland  could  not, 
therefore,  have  broken  up  into  icebergs  in  the  North  Sea.  While  it 
remained  in  this  I'egion  it  would  be  land-ice.  The  sheet  must  have 
found  its  way  to  the  deep  trough  of  the  Atlantic,  to  the  west  of  the 
Orkney  and  Shetland  Islands,  before  it  could  possibly  have  floated 
away  in  the  form  of  icebergs. 

No  doubt  the  North  Sea,  for  two  reasons>  is  now  much  shallower 
than  it  was  during  the  period  in  question.  (1.)  There  would,  at  the 
time  of  the  great  extension  of  the  ice  on  the  nortiiem  hemisphere,  be  a 
considerable  submergence,  resulting  from  the  displacement  of  the 
earth's .  centre  of  gravity  (Phil.  Mag.  for  April,  1866).  (2.)  The 
North  Sea  is  now  probably  filled  up  to  a  larger  extent  with  drift 
deposits  than  it  was  at  the  ice  period.     But,  after  making  the  moil 
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eirtraTagant  alio wanoe  for  the  additional  depth  gained  om  this  ao6oiaiit» 
■till  there  could  not  possibly  he  water  sufficiently  deep  to  float  a  glacier 
of  one  or  two  thousand  feet  in  thickness.  The  North  Sea  would  hare 
required  to  be  nearly  ten  times  deeper  than  it  is  at  pxesent  to  liavo 
floated  the  ioe  of  the  Gladal  period.  The  mass  under  whidi,  as  wo 
have  seen,  the  Ochils  were  then  buried,  if  placed  in  the  centre  of  that 
sea,  would  still  have  its  upper  surface  as  high  above  the  sea  level  as  the 
tops  of  our  Pentlands.  We  may  conclude,  with  the  most  perfect  oer- 
tamty,  that  the  ice  entering  the  North  Sea  from  the  east  of  SooUand 
must  have  continued  its  course  in  one  unbroken  mass  till  it  reached 
ihe  deep  water  of  the  Atlantic,  to  the  west  of  the  Oikney  and  Shet- 
land lidands.  It  is  hardly  necessary  to  remazk  that  the  watas  cf 
the  North  Sea  would  harve  but  litde  effect  in  melting  the  ioe.  A 
ahallow  sea  like  this,  into  which  large  masses  of  ice  were  entering; 
would  'be  kept  constantly  about  the  freezing  point,  and  ice-odid 
water  has  but  little  melting  power.  It  takes  1421bs.  of  water,  at 
-SS^  of  temperature,  to  melt  one  pound  of  ice.  In  fact,  an  icy  sea 
tends  rather  to  protect  the  ice  entering  it  from  being  melted  than 
otherwise.  And  besides,  owing  to  fresh  acquisitions  of  snow,  the 
ice-sheet  would  be  accumulating  more  rapidly  upon  its  upper  surface 
than  it  would  be  melting  at  its  lower  surface,  supposing  there  were 
sea-water  under  that  surface.  The  ice  of  S^tland  during  the 
glacial  period  must,  of  necessity,  have  found  its  way  into  wanner 
water  than  that  of  the  North  Sea  before  it  could  have  been  melted. 
Sut  this  it  could  not  do  without  reaching  the  Atlantic,  and  in  getting 
there  it  would  have  to  pass  round  by  the  Orkney  Islands,  along  the 
bed  of  the  North  Sea,  as  land-ice. 

This  will  explain  how  the  Orkney  Islands  may  have  been  glaciated 
by  land-ice ;  but  it  does  not,  however,  explain  how  Caithness  should 
•have  been  glaciated  by  that  means.  Those  islands  lav  in  the  very 
track  of  the  ice  on  its  way  to  the  Atlantic,  and  -eould  hardly  escape 
being  overridden ;  but  Caithness  lay  considerably  to  the  left  of  ^e 
path  which  we  would  expect  the  ice  to  have  taken.  The  ice  would 
not  leave  its  channel,  turn  to  the  left,  and  ascend  over  upon  Caithness 
unless  it  were  forced  to  do  so.  What,  then,  compelled  the  ice  to 
pass  over  Caithness  ? 

{To  be  eoneluded  in  the  Jun$  Number,) 


YI. — On  some  Bivalved  Entomostbaoa  from  the  Coal-xxasubw 

OF  South  Wales. 

By  Prof.  T.  Bupbrt  Jowbs,  F.O.S. 
(PLATE  IX.) 

IN  the  spring  of  1869  Mr.  William  Adams,  F.G.S.,  of  Cardiff,  aent^ 
to  me  for  examination  several  pieces  of  Coal-shale,  bearing  som^ 
minute  organisms  which  had  been  recognized  as  Entomostraoa  \yf^ 
}Ir.  Charles  Moore,  F.G.S.  The  shale,  in  some  of  its  layers,  whidv- 
are  more  or  leas  bituminous,  is   full  of  Anthracamya  PiiUipmi^ 
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I,  sp. ;  and  amongBt  fliese  flhells  are  a  few  oihera,  differing 
▼eiy  slightly  in  shape,  hut  characterized  by  their  minutely  zetioii- 
late  surface,  therein  resembling  Estheria,  There  are  alsc  a  few  speci- 
mens of  Estheria  teneUa,  and  numerous  small  Cytheroid  forms, 
which  cannot  belong  to  either  Oythere  or  the  allied  genera,  as 
far  as  the  carapaces  show.  In  some  pieces  of  the  bituminous 
shale  another  Entomostracan  Biralve,  namely,  Leaia,  occurs  in 
abundance  on  some  slabs,  but  without  associates.  This  genus  is 
now  for  the  first  time  found  so  far  south  in  Britain ;  the  hitherto 
known  specimens  have  come  from  different  parts  of  North  America 
(Pennsylvania,  IllinoiB,  and  Nova  Scotia),  from  Scotland,  Lan- 
cashire, and  Germany.  A  layer  of  what  at  first  sight  iqppear  to 
be  small  Seeds  or  Spore-cases  coats  one  face  of  a  slab  rich  with 
AfUhraeomya  and  Estheria,  but  these  little  bodies  are  possibly  small 
Daphnia>like  Entomostraca,  as  suggested  by  Mr.  Carruthers,  F.G.S. 
A  single  larger  Spore-case  (?)  occurs  on  another  piece,  and  a  Lepido- 
dendroid  leaf  on  another.  In  some  of  these  shales  there  occur  black 
shining  circular  spots,  with  irr^ularly  concentric  wrinkles,  that  at 
first  sight  look  like  compressed  fruits;  but  Mr.  Carruthers  has 
explained  (Brit.  Assoc.  Meeting,  1869)  their  nature  and  origin,  as 
spots  where  gases,  disengaged  from  decomposing  organic  matter, 
formed  bubbles,  imprisoned  in  the  mud ;  and,  whilst  gradually 
diminishing,  their  successive  walls  were  again  and  again  squeezed 
and  slickensided  by  the  double  action  of  pressure  and  expansion. 
The  less  bituminous  shale  contains  fragments  of  Neuropteria  and 
Cf/elopteria  (?).     Fish  (?)  bones  also  occur  on  some  of  the  slabs. 

These  shales,  associated  with  "  Black  Band  Ironstone "  of  the 
South-Welsh  Coal-field,  are  regarded  by  Mr.  Adams  as  the  equivalent 
of  the  bed  referred  to  as  "Eider  [Coal],  1  foot,"  in  the  Section  of 
strata  of  the  "Pennant"  series,  at  page  172  of  the  Mem.  GeoL 
Survey,  Iron-ores,  Part  iii.,  1861.  Mr.  Adams  informs  me  that 
"  about  one  and  a  half  mile  south-west  of  Bedwelly  Church,  and 
one  and  a  quarter  mile  north-east  of  Gelligaer  Church  (on 
Sheet  36  of  the  Ordnance  Survey  Map),  in  Glamorganshire,  on  the 
west  side  of  the  River  Eumney,  a  coal-level  was  opened  on  the  crop 
of  the  Mynyddysllwyn  Coal,  on  Cilfiach-bargoed-fawr  Farm.  After 
driving  westward  in  the  coal,  they  struck  a  dov^ni-throw  west  fault 
(from  25  to  30  yards) ;  and  in  place  of  the  coal,  or  rather  on  the 
same  level,  came  in  the  Black  Band  beds,  and  in  these  the  fossil 
shells  are  found.  (See  Section.)  The  Black  Band  is  apparently  of 
limited  area.  This  new  bed  of  fossil  shells  is  about  800  ft  h^her  in 
the  South- Welsh  Coal-measures  than  any  hitherto  met  with.  At 
Llancariach  Colliery,  the  property  of  George  Worthington,  Esq., 
1^  miles  nearly  due  west  from  Gelligaer  Church,  this  Black  Band 
again  occurs,  with  the  same  fossil  shells,  some  acres  in  extent,  but  of 
less  thickness  than  at  the  works  above  mentioned ;  and  here  also  it 
is  between  two  faults." 

A  shale  full  of  Anthracomym  of  the  same  species  as  that  above 
noticed  has  also  been  found  by  Mr.  Adams  at  Aberbeeg,  in  the  Ebbw 
Talley,  overlying  a  ooal  called  the  Troed-rhiw-Clawdd  Coal,  which 
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lies  at  the  bottom  of  the  Pennant  rocks,  about  226  yaida  below  ft* 
Mjnyddysllwyn  Goal. 

SBcnoN  or  Stbata  at  Cilfach  Baboobd  Colliuit. 
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§  1.  Anthraeomya. — The  MoUuscan  shells  referred  to  above  art 
very  numerous,  flattened   and  compressed,  in  layers.    The  chirf 
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foitn  is  similar  to  l^rof.  Williamson'flf  JJnio  Phillipni,  from  tlie 
Upper  Coal-measureB  at  Ardwick,  near  Manchester,  described  by 
him  in  the  "  Phil.  Mag.,"  1836,  p.  241.  It  is  the  same  also  as  Prof. 
Phillips's  Unto  lingmformisj  "Sil.  Syst.",  p.  88,  and  Mr.  fiinney*8 
Madiola  (?),  "  Manchester  Lit.  Phil.  Soc.  Trans.",  vol.  xii.  p.  221. 
Prof.  Williamson  has  lately  favoured  me  with  a  sketch  of  this  shell, 
and  with  a  piece  of  the  Ardwick  shale.  The  same  form  occurs  plen- 
tifully in  the  Coal-shales  of  other  places,  and  has  been  labelled 
Anthrcieomya  (Unto)  PhiUipsii  in  the  Museum  of  the  Geological 
Survey.  In  1861  Mr.  Salter  instituted  the  genus  Anthracomya  for 
such  shells  as  these,  of  which  there  are  several  forms  that ''  have 
oscillated  between iimcuZa and  Madiola,  and  even  Unto**  ("Iron-ores," 
etc.,  p.  230).  Prof.  King's  Anthracosia  had  already  taken  in  the  Unio- 
like  forms,  and  Mr.  Salter  afterwards  proposed  Anihracopiera}  for 
the  reception  of  the  obliquely  angular  forms,  somewhat  like  Myalina 
and  Dreissena, 

Fig.  1,  PL  IX.,  represents  the  Anthracomya,  so  abundant  in  the  shales 
under  notice ;  specimens  like  Fig.  18  are  rare.  The  shell  is  concen- 
trically wrinkled,  somewhat  irregularly,  and  the  ridges  are  modified 
by  pressure.  The  surface  is  marked  with  fine  lines  parallel  to  the 
ridges.  Fig.  3,  in  plate  2  of  the  "  Iron-ores,  etc.,"  Part  iii.,  may  be 
a  small  Anthracomya  PhiUipsii,  but  it  is  rather  too  narrow. 

§  2.  Eatheria  Adamsii, — ^Together  with  the  above  we  find  several 
very  similar  shells,  concentrically  ridged,  but  marked  all  over  with 
microscopic  pittings,  like  the  pattern  of  a  thimble-top  on  a  very 
minute  scale — an  ornament  very  unusual  in  Molluscs,  but  common 
in  Eatheria  {E.  Dunkeri  and  E,  Hialopi,  Baird,  for  instance).  The 
pnnctation  differs  from  that  of  the  little  Mollusc,  Lepion  aquamoaum, 
in  being  far  smaller  and  very  much  more  closely  set.  The  best  pre- 
served specimen  of  this  Estheria-like  shell  is  more  like  Anthracomya 
Adamsii  (Salter,  "  Iron-ores,  etc.,"  Part  iii.,  p.  230,  pi.  2,  fig.  7)  in 
shape  than  A.  Phillipaii,  being  less  oblique  than  the  latter,  and 
having  a  longer  hinge-line.  The  specimens,  however,  are  all  too 
much  crushed  to  be  taken  as  perfect  types  of  form. 

In  some  slabs  of  shale  there  are  films  of  whitish  minute  network, 
which  appear  to  have  resulted  from  the  decomposition  of  these  punc- 
tate shells ;  whilst  the  common  Anthracomya  have  become  changed, 
sometimes  into  white  calcareous  shells,  but  are  usually  brownish, 
sometimes  minutely  granular,  but  not  reticulate. 

The  outline  of  the  reticulate  valves,  when  perfect,  or  nearly  so 
(Fig.  1),  closely  approaches  that  of  Eatheria  atriata,  var.  Beinertiana 
(Monog.  Foss.  Esth.,  p.  25,  pi.  1,  fig.  13).  The  superficial  orna- 
ment, however,  constitutes  a  specific  difference.  In  other  cases  the 
valve  is  narrower,  and  has  a  shorter  hinge-line  (Fig.  2) ;  but  it  is 
difficult  to  determine  if  this  be  an  original  shape,  or  if  it  be  due  to 
squeezing. 

I  propose  to  register  this  large  Eatheria  (more  than  an  inch  in 
length),  obliquely  ovate  in  outline,  with  a  long  straight  hinge,  and 
"wiA  numerous  concentric  irregular  ridges,  and  a  general  ornament 

1  Quart  Joum.  Geol.  Sog.,  1£63,  vol.  xix.,  p.  80. 
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of  very  minute  hexagonal  pnnctation,  bb  JEL  Ada/mm.  In  oinaineiit 
it  resembles  E.  punctateUa,  Jones,  as  well  as  the  reoent  fonnB  men- 
tioned above,  but  differs  from  them  materially  in  shape. 

In  the  piece  of  Anthracomyan  shale  from  Ardwick,  given  me  bj 
Prof.  W.  C.  Williamson  (see  above,  p.  217),  I  also  recognize,  nndar 
the  microscope,  a  morsel  of  a  similar  reticidate  valve.  This  Biikeria 
will  therefore  be  found  elsewhere. 

In  a  piece  of  the  shale  from  Mr.  Adams's  coUeGtion,  I  observe  two 
specimens  of  Estheria  tendla  (Monog.  Foes.  Estk,  p.  31,  pL  1,  fig. 
26,  27,  &c.). 

§  3.  Cyiheroid  EtUomostraea. — ^There  are  at  least  three  Cytheioid 
forms  in  the  shales  under  notice ;  although  often  crushed,  or  oocnxriBg 
as  mere  casts,  yet  in  some  instances  tho  valves  are  well  preserved* 
They  differ  from  known  Cythera,  Oyprides,  &c.,  not  only  in  the 
patterns  of  the  ''  muscle-spot,"  but  in  having  the  inner  face  of  that 
spot  excavated  at  its  margin,  and  in  having  the  inner  surface  of  the 
valves  reticulated  with  vascular  impressions,  especially  near  the 
centre.  In  such  points  these  old  Oytheroids  have  Leperditian  aad 
Beyrichian  characters ;  but  their  valves  resemble  those  of  Ci/iken 
and  other  Ostracoda,  The  very  common  Carboniferous  specie^ 
Cythere  (f )  fabuHnOf  Jones  and  Kirkby,  MS.  (Trans.  Glasgow  GeoL 
Soa,  vol.  ii.,  p.  217, 1867),  is  an  allied  form,  and  probably  bek^igi 
to  the  same  generic  group,  which  I  designate  Carhania. 

1.  Carbonia  Eoeltntey  nov.  (PL  IX.,  Fig.  4). — Subovate ;  dorsal  line 
divided  in  unequal  thirds  by  the  front  and  back  slopes  and  the  straight 
hinge-line  between.  Anterior  end  sharper  than  the  posterior.  Yentnl 
border  well  curved.  Surface  wrinkled  by  numerous  small,  smooth, 
rounded  ridges,  longitudinal,  interrupted,  sinuous,  tapering  away 
amongst  themselves,  and  converging  towai'ds  the  ends  of  the  valves. 
In  the  centre  of  each  valve  a  small  circular  area  or  "  muscle-spot " 
is  visible,  consisting  of  three  or  four  minute  subtranslucent  spoti 
crowded  together  within  a  darkish  circle.  The  wrinkling  of  the 
general  surface  is  continued  faintly  over  these  muscle-spots.  Thii 
species  is  rare. 

2.  Carbonia  Agnes,  nov.  (PL  IX.,  Figs.  6  and  7). — Ovate-oblong; 
dorsal  edge  gently  arched,  ventral  line  straight  or  slightly  incurved; 
anterior  third  of  the  valve  rather  larger  flian  the  posterior.  The 
surface  is  quite  smooth  in  some  specimens,  and  shows  a  small  cental 
muscle-spot-,  consisting  of  a  narrow  darkish  circle,  enclosing  a  light 
(translucent)  area,  in  which  a  dark,  irregular,  four-bodied  spot  il 
set,  with  a  few  black  specks  along  one  of  its  edges. 

The  casts  have  a  faintly  reticulated  surface,  due  to  the  atmotoie 
of  the  shell;  and  on  the  casts  the  place  of  the  ''muscle-spot"  k 
indicated  by  a  small  round  area  with  a  raised  ledge,  higher  on  one 
side  than  the  other.  There  is  also  a  slight  transverse  hollow  behind 
and  below  the  central  spot  on  the  cast 

a.  Yar.  subrugtdosa  (Fig.  10). — Here  the  shell  has  its  smoothneei 
partially  interfered  with  by  faint  longitudinal  stried. 

/8.  Yar.  ruguloaa  (Figs.  8  and  9).-— The  shell  is  strongly  striated 
by  longitudinal  interrupted  wrinkles,  conveiging  towards  the  endi 
of  the  valves. 


Prof.  T.  Rupert  JaneB-^Sautk  Wales  Entomosiraca.    219 

Tlie  casts  also  show  some  &int  signs  of  the  wrinkles,  together  with 
zeticalation  around  the  raised  oircle  of  their  ''  muscle-spots."  On  thA 
outside  shell  the  "  musde-spot "  appears  only  as  a  small  obscure 
patch  of  darkish  tint. 

S  4.  Carhonia  (?),  sp.  (PL  IX.,  Pig.  5). — ^There  are  at  least  two 
^>eoiinens  of  a  large  Cytheroid  species,  not  well  preserved,  casts  only 
lemaining,  which  deserve  notice.  The  larger  one,  which  is  best  pre- 
served^  is  here  figured ;  but  it  is  hazardous  to  fix  its  generic  relation- 
ship.    The  cast  is  faintly  reticulate. 

§  5.  Leaia  Leidyi,  Jones,  Monograph  of  the  Fossil  EatherioB,  1862f 
Appendix,  p.  115,  &c.  (PL IX.,Figs.  11-14).  Messrs.  Meek  and  Worthen 
have  shown  that  in  some  specimens  of  Lecua  (L.  irieartnaia,  M.  and 
W.,  Report  GeoL  Survey  Illinois,  1869,  p.  640,  &c.)  there  is  evidently 
a  third  (dorsal)  carina  on  each  valve,  bounding  a  dorsal  depression 
(their  "lanceolate  false  area"),  along  the  bottom  of  which  is  the 
lunge-line.  In  compressed  specimens  this  is  not  distinguishable^ 
and  whether  or  no  it  is  present  in  all  (as  it  well  may  be)  thoy  leave 
an  open  question  (p.  543).  We  may  add  that,  thanks  to  our  artist, 
Mr.  C^Tge  West,  we  can  now  point  out  that  Leaia  had  the  usual 
Crustacean  ornament  of  reticulation,  so  common  in  Entomostraoa, 
especially  in  Eatheria.  As  this  character  may  have  been  present 
in  other  Leaia,  but  destroyed  by  pressure  and  change,  we  cannot 
use  it  as  a  specific  character  in  this  case ;  and  as  to  outline  and 
proportions,  the  many  individuals  on  the  shales  found  by  Mr.  W. 
Adams,  in  South  Wales,  comprise  all  the  forms  yet  figured  by  Lea, 
Dawson  ("  Acadian  GooL,"  1868,  p.  256),  Meek  and  Worthen,  and 
myself,  and  may  be  due  to  diiBferences  in  age  or  sex,  or  con- 
ditions of  preservation.  Perhaps  we  may  say  the  same  of  Geinitz's 
JL  Bantschiana,  from  the  Lower  Permian  beds  near  Ncunkirchen, 
"  N.  Jahrb.,"  1864,  p.  657.  It  is,  of  course,  probable  that  different 
"  flpecies "  did  exist,  and  are  represented  among  the  several  forms 
fonnd  in  distant  countries  ;  but  we  still  wait  for  further  and  decided 
evidences  of  specific  characterization. 

§  6.  Daphnioid  (?)  Eniomoatraca, — On  one  of  the  slabs  of  bitu- 
minous shale  from  South  Wales  is  a  layer  of  small  black  bodies, 
acate-ovate  and  wrinkled,  that  were  at  first  thought  to  bo  spore- 
cases,  but  Mr.  Carruthers  cannot  discern  any  plant  character  in 
them,  and  suggests  that  they  may  be  small  thin  Entomostracan 
valves,  analogous  to  those  of  the  modem  Daphnia  and  their  allies. 
They  show  indications  of  being  bivalved,  and  have  one  end  more 
pointed  than  the  other.  They  are  also  boldly  marked  with  longitu- 
dinal and  inosculating  wrinkles  (probably  lines  of  breakage  from 
compression),  which  distantly  imitate  the  wrinkles  on  a  collapsed 
seed-vessel,  or  even  the  ornament  on  some  seeds ;  but  the  eminent 
Botanist  just  mentioned  cannot  find  in  them  sufficient  evidence  for  a 
|iLaoe  among  vegetable  organisms.  Mr.  Carruthers  has  reminded 
me  that  the  woodcuts  (figs.  10  and  11)  at  pages  39  and  40  of 
JBmmons's  "American  Geology,"  Part  vi.,  1859,  closely  resemble 
theee  crushed  organisms,  and  are  there  referred  to  Entomostraca. 
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Appendix. — ^1.  We  are  enabled,  thanks  to  Principftl  Dawson,  to 
offer  a  good  drawing  (PL  IX.,  Frg.  15)  of  a  speoimen  of  the  Notic- 
Scotian  Estheria,  roughly  figured  in  a  woodout  at  p.  256  of  "Acadian 
Geology/'  1868.  Not  being  well  preserved,  this  specimen  showi 
no  reticulate  or  other  ornament  besides  the  concentric  ridges.  These 
are  bold  and  distant,  as  in  E.  PorUochi,  K  MangalienaiSt  &o. ;  but  as 
the  form  before  us  differs  in  outline  from  the  broad-ridged  specieSi 
we  may  regard  it  as  distinct,  and  catalogue  it  as  E.  Dawsani.  It 
occurs  in  the  Lower  Carboniferous  rocks  at  Horton. 

2.  Another  species  of  Estheria  has  lately  oome  into  my  handa, 
through  the  kindness  of  Mr.  C.  Peach.  Several  specimens  have  been 
found  in  argillaceous  concretions  in  the  Carboniferous  Shales  of 
the  Camstone  quarry,  at  Salisbury  Craigs,  Edinburgh,  by  Mr.  B.  N. 
Peach.  It  is  a  subquadrate  form,  boldly  ridged.  Its  sculpture  is  not 
preserved,  and,  indeed,  only  mere  films  of  the  shell  itself  The  form, 
however,  is  sufficiently  distinct  to  authorize  us  to  regard  it  as  a  new 
species — E.  Peachii. 

EXPLANATION    OP   PLATE  IX. 

Fio.    1.  JSitheria  Adamsiit  sp.  nov.    a,  Left  Talve  shown;  natural  lise.    4  and*. 
Ornament  («,  near  the  margin) ;  magnified  40  diametera. 

2.  EMtheria  Adamaii^  i))»    RijB:ht  valve  shown ;  2  diam. 

8.  Anthracomfta  Phi/lipaii,  Williamson,  sp.    Nat.  size. 

4.  Carbonia  EvelifkB^  sp.  nov.  «,  Left  valve  shown;  magn.  26  diam.  I, 
Miucle-spot ;  70  diam.    e,  Doml  view  of  the  two  valves ;  25  diam. 

6.  Carbonia  ?  sp.    A  cast ;  25  diam. 

6  &  7.  Carbonia  Agnes^  sp.  nov.  6a,  Left  valve  shown ;  25  diam.  61,  Be> 
ticulation  on  the  cast,  and  6^,  the  mnscle-spot ;  70  diam.  Fig.  7.  Donii 
edge  of  the  left  valve,  and  outline  of  the  other ;  25  diam. 

8  &  9.  Carbonia  Agnet,  var.  rugulosa^  nov.     8.  Left  valve  shown ;  25  diami 

9.  Muscle-spot  snd  reticulation  of  the  cast;  70  diam. 
10.  Carbonia  Agnea^  var.  subrugtUota^  nov.     Left  valve  shown  ;  25  diam. 
11-14.  Leaia  Zeidgi,  Jones.    Varinas  forms:  differences  due  to  age,  sex,  or 
variety,  probably  the  first.    Fig.  11a,  Left  valve,  old;  5  diam.    lUand 
«,  Ornament  (c,  near  the  margin) ;  40  diam.     Fig.  12,  Left  valve,  adult 
(tvpical  form) ;  5  diam.     Fi<^.  13  and  14,  Toung  right  valves;  5  diaa< 

15.  EMtheria  Dawaoni^  sp.  nov.    Left  valve  (cast) ;  5  diam. 

16.  Eathen'a  teneUa^  Jones.     Rieht  valve ;  5  diam. 

17.  Eatheria  Peachii^  sp.  nov.    Kis:ht  valve;  5  diam. 

18.  AMthracomya  (young  of  A.  PkiUipaii  t    See  fig.  8.).    Magn.  10  diam. 


Vil. — On  thb  Use  op  thb  Term  Neocouian. 
By  John  W.  Judd,  F.G.S.,  of  the  Geological  Survey  of  England  and  Wales. 

THE  confusion  which  has  of  late  years  resulted  from  the  multipli- 
cation of  names  for  the  same  geological  stratum,  forma^n,  oc 
system,  sufBciently  indicates  the  necessity  for  the  adoption  of  oertuft 
rules  hy  which  our  geological  nomenclature  may  be  reformed  and 
brought  into  a  state  of  something  like  uniformity.  When  tiiii 
necessity  is  acknowledged,  but  little  doubt  can  arise  as  to  tfai 
principles  on  which  such  rules  must  be  based ;  the  law  of  prtor^ 
with  certain  necessary  limitations  and  exceptions,  will  be  made  ii 
govern  the  terminology  of  Geology,  as  it  already  does  that  of  almtft 
evexy  other  Natural  Science.    Th&  nature  and  mode  of  applioatioi 
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mbh  roles  of  nomendainre  have  been  veiy  fully  diaeuBsed  and 
fined  in  the  Beport  of  a  Committee  of  the  British  Association,  and 
■ereral  papers  by  the  late  Hugh  E.  Strickland. 
In  deciding  npon  a  date,  which  may  serve  as  a  limit  in  aneh 
tnmectiYe  revision  as  may  be  called  for,  geologists  will  experience 
ttle  difficulty.  William  Smith  is  the  Linnaeus  of  Stratigraphical 
eology,  and  the  year  1815,  the  date  of  the  publication  of  the  "  Map 
*  the  Strata  of  England  and  Wales,"  may  be  safely  considered  as 
16  era  of  the  foundation  of  our  system  of  geologicfld  nomenclature. 
U  earlier  names,  with  possibly  one  or  two  exceptions,  may,  like 
e  Biological  terms  of  Bay  or  Morton,  be  safely  neglected,  and  the 
ral  claims  of  all  post-Smithian  names  will  then  have  to  be  decided 
nording  to  the  date  of  their  first  proposal.  This  rule  will  of 
uxae  have  to  be  relaxed  when  it  can  be  shown  that  the  earlier 
nn  IB  founded  on  a  mistake,  involves  a  palpable  absurdity,  or  leads 
I  gross  misconception.  All  projects,  like  that  of  D*Orbigny,  for 
ivoLutionizing  the  terminology  of  the  science,  in  an  attempt  at  an 
apossible  symmetry,  may  be  safely  disregarded;  especially  when 
ley  are  based  on  principles  so  arbitrary,  and  methods  so  Procrustean, 
I  those  of  the  French  palaeontologist,  and  load  to  results  so  anoma- 
»iiB  as  making  divisions  like  the  Turonien  and  Callovien,  equi- 
dent  to  such  as  the  Carhonifirien  or  Silurien.  Such  terms  as 
Lias,"  "  Cornbrash,"  and  "Gault,"  if  they  have  not  the  same 
Ivantagcs  of  euphony  as  the  later  names  ''Silurian,"  ''Nco- 
miian,"  and  "  Miocene,"  have  even  stronger  claims  from  prescrip- 
OD ;  and  now  that  they  have  become  so  thoroughly  established 
i  the  geological  literature  of  Europe,  any  attempt  to  supersede 
lem  would  be  as  unjustifiable  as  it  would  probably  be  fulile. 
f  course  it  is  not  necessary  here  to  assert  the  cosmopolitan  nature  of 
aence,  nor  to  insist  upon  the  equal  claims  of  designations,  whether 
'  British  or  foreign  origin. 

The  object  of  the  present  essay  is  to  examine  historically  and 
itically,  according  to  the  principles  just  laid  down,  the  tenninology 
:  a  certain  scries  of  deposits.  Some  writers,  who  have  done  me 
le  honour  to  notice  my  papers  on  the  Neocomian  strata  of  the 
orth  of  England,  have  unfortunately  so  far  mi8uniIei*stood  my 
>ject  as  to  represent  me  as  introducing  a  new  system  of  nomen- 
ature.  On  the  contrary,  as  I  now  propose  to  show,  the  name 
ower  Greensand  had  its  origin  in  a  scrii'S  of  mistakes  and  mis- 
nceptions,  while  the  term  Neocomian  is  that  which  must  be 
lopted  acconling  to  the  law  of  priority,  and  in  fact  has  claims  of 
le  same  nature  and  force  as  those  which  may  be  urged  in  behalf  of 
le  term  Silurian. 

It  teems  to  be  impossible,  as  Webster  has  observed,  to  determine 
le  exact  date  when  the  term  Oreensand  first  came  into  use  among 
X>logi8ts.  As  is  well  known,  the  observations  and  even  the  no- 
eoclature  of  William  Smilli  had,  by  his  liberal  oral  communica- 
>n8,  become  very  generally  known  to  geologists  long  before  his 
lends  succeeded  in  persuading  him  to  publish  his  first  ninp.  In  a 
hie  of  tho  strata  near  Bath,  drawn  up  in  1799,  Smith  calls  the  bed 
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immediatelj  below    the   Chalk  simply  8cmd,  bat   in   the   table 
accompanying  the  first  part  of  his  map  in  1812,  he  employs  the 
term  *'  Green  Sand  "  for  the  same  bed,  and  continoes  te  use  it  in  all 
bis  later  works.    It  would  appear  therefore  that  the  nse  of  this  tenn 
originated  between  1799  and  1812.    Smith's  original  obeerratioiifl 
on  the  strata  between  the  Chalk  and  the  Oolites  were  nade  in. 
Wiltshire,  a  district  where  the  beds  between  the  GiMilt  and  the 
Upper  Oolite  are  almost  entirely  hidden  by  the  o^verlap  of  the 
Upper  Cretaceous.     In  the  study  of  this  district  he  appears  to  ha^e 
been  greatly  assisted  by  his  friend  the  Rev.  Joseph  Townsend,  then 
leotor  of   Pewsey,  who  in  his  work   "The  character  of  Moeea 
established  for  veracity  as  a  historian,"  speaks  of  the  beds  below  the 
Ohalk  as  being  successively  **  Green  Sand,"  "  Grey  Sand,"  and  "  Bed 
Sand."     That  Smith,   whenever  he  used  the  term  "  Greensand,** 
restricted  it  to  tlie  sands  immediately  below  the  Chalk  and  ah»ve  the 
Gault,  will  be  seen  by  a  reference  to  his  various  extended  Sections 
and  County  Maps,  published  between  1819  and  1824.     When  he 
afterwards  became  acquainted  with  the  Neocomian  and  Wealdee 
strata  of  the  South-east  of  England,  he  not  unnaturally  referred 
them  to  several  members  of  the  Upper  Oolite,  considering  the 
Kentish-rag  as  Portland-stone,   part  of   the  Shanklin    Sands   as 
Portland  Sand,  and  the  Weald  Clay  as  Kimmeridge  or  Oxford  Clay. 
The  author  who  first  fairly  described  the  siKXsession  of  the  beds 
between  the  Chalk  and  the  Oolites  was  Thomas  Webster,  who,  in 
his  Letters,  written  in  1811,  and  published  in  1816,  in  Sir  Heniy 
Englefield's  "  Isle  of  Wight,"  gives  the  following  as  the  order  of  ths 
strata  in  that  island : — 

1.  Chalk. 

2.  Green  sand  and  Firestone. 

3.  Blue  Marl  or  Gault 

4.  Ferruginous  Sands. 

Unfortunately,  Webster  confounded,  under  the  name  FerrugiMm 
Sands,  both  the  Shanklin  Sand  and  the  Hastings  Sand,  regiu^ing 
the  Weald  Clay  as  only  a  subordinate  stratum.  It  is  evident,  how- 
ever, that  both  Smith  and  Webster,  in  spite  of  their  misapprehensions 
concerning  the  beds  below,  uniformly  and  consistently  applied  the 
term  Greenaand  to  the  sands  immedtatdy  below  the  Chalk  and  ahoH 
the  Grault 

When,  however,  we  turn  to  the  works  of  the  writers  on  thest 
beds,  who  immediately  succeeded  Smith  and  Webster,  we  find  the 
gpreatest  confusion  produced  by  the  misapplication  of  the  term 
Oreensand.  Greenough,  in  his  Geological  Map  of  England  and 
Wales,  published  in  1816,  calls  all  the  beds  between  the  Chalk  and 
the  Weald  Clay  "  Blue  Marl  and  Greensand."  Dr.  Bnckland,  in  hii 
Synoptic  Table,  calls  both  the  sands  above  and  those  below  the 
Gault,  "  Greensand ;"  while  Dr.  Mantell,  in  his  *•  (jfeology  rf 
Sussex  "  (1822),  names  the  former  "  Malm  Rock  "  and  the  leMt 
"  Greensand."  Sedgwick,  however,  in  his  paper  in  the  "  Annals  of 
Philosophy"  (1822),  rightly  follows  Webster,  calling  the  bedff 
between  the  Chalk  and  Gault  ''  Greensand/'  and  including  aU  tbi* 
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formations  between  the  Qanlt  and  the  Oolites  as  "  Ironsand/'  Bj 
Hie  publication,  in  the  same  year,  of  Conybeare  and  Phillips's 
"  Gteology  of  England  and  Wales,"  the  whole  subject  of  the  nomen- 
datnre  of  the  Lower  Cretaceous  became  sadly  involved  again,  for  in 
this  work  the  Ganlt  of  FolkeBtone  is  called  "  Chalk  Marl,"  and  the 
nnda  heUtw  "  Oreensand." 

At  the  very  time  when  the  nomenclature  of  these  deposits  had 
thus  been  reduced  to  an  apparently  almost  hopeless  state  of  confusion, 
the  true  order  and  succession  of  the  lower  bods  began  to  be  worked 
\  (Mt  in  detail  by  several  earnest  investigators.  After  Webster,  the 
first  in  the  field  (according  to  a  note  of  Dr.  Fitton')  was  Mr.  (now 
Sir  Charles)  Lyell,  who  succeeded  in  determining  the  true  relations 
of  the  beds  in  the  Isle  of  Wight,  though  his  results  were  not 
published  at  the  time.  In  June,  1824,  Webster  read  before  the 
Geological  Society  his  paper,  entitled  ''  Greological  Observations  on 
the  Sea  Cliffs  of  Hastings,  with  some  Remarks  on  the  Beds  imme- 
£stely  below  the  Chalk,"  in  which  he  established  the  division  of 
tiie  "  Ebstings  Sand,"  and  proposed  the  term  Ferrugxncms  Oreensand 
for  the  sands  below  the  Gault  In  a  second  paper,  published  in 
November  of  the  same  year,  Webster  proposed  to  substitute  the  term 
Lower  ChreeuMand  for  FerrtiqinouB  Greensand, 

In  this  same  month  of  November,  1824,  Dr.  Fitton  published,  in 
the  "  Annals  of  Philosophy,"  his  admimble  description  of  the  true 
Bocoession  of  the  Cretaceous  Strata  in  the  Isle  of  Wight  and  the 
adjoining  coast  of  Dorsetshire,  in  which,  however,  ho  did  not  escape 
the  prevailing  error  with  regard  to  the  use  of  the  word  **  Greensand." 
In  an  additional  note,  in  the  next  month's  number  of  the  same 
journal,  he  suggested  the  names  of  ^*  Merstham  Beds  "  for  the  sands 
obinfe  the  Gault,  and  *'  Shanklin  Sands  "  for  those  below. 

In  a  reply  to  Dr.  Fitton's  paper,  contributed  by  Wel>ster  to  the 
"  Annals  of  Philosophy,"  in  January,  1825.  the  justice  of  the  classifi- 
cation is  admitted,  but  the  nomenclature  is  demurred  to.  In  place 
of  the  names  proposed  by  Dr.  Fitton,  Webster  suggests  that  the  term 
"  Oreensand  "  should  be  used  only  in  its  original  and  proper  sense 
for  the  sands  above  the  Gault,  while  those  between  the  Gault  and 
Weald  Clay  should  be  called  "  Upper  Ferruginous  Sands,"  and  those 
below  the  Weald  Clay  "  Lower  Ferruginous  Sands." 

We  thus  see  that  the  name  Lower  Greensand y^  which  was  pro- 
posed by  Webster  in  November,  1824,  was,  on  further  consideration, 
withdrawn  by  its  author  in  January,   1825.     Unfortunately,  this 

>  Annals  of  Philosophr  (new  series^,  vol.  viii.,  p.  458. 

*  The  term  I/noer  Oreensand  originated  in  a  mistaken  notion  that  the  bedf 
above  and  below  the  Ganlt  had  intimate  relations  with  one  another,  and  that  thej 
mi^t  therefore  be  made  to  constitute  a  single  formation,  "the  (Jrecnsand,"  of  whicn 
the  Ganlt  was  to  be  considered  the  middle,  and  a  subordinate  member.  The  inap* 
Plieability  of  the  name,  even  in  the  typical  di«>trict3  of  Kent  and  the  Isle  of  Wight, 
las  frequently  been  pointed  out.  The  misapprehension  which  must  arise  from  the 
Hw  of  parallel  terms  for  a  subordinate  bed  (srldom  more  than  100  feet  thick)  and  a 
great  formation  (nearly  1,000  feet  thick)  is  evident.  To  give  this  had  name,  *'  Jxiwer 
Qreeniand,"  an  extenoed  meaning,  by  applying  it  to  the  s>pcct(m  Cluys  of  tho  North 
of  E^laiid,  or  to  the  great  Tariety  of  beds  of  the  same  age  on  tho  Continent,  would 
Slake  matten  infinitely  worse. 
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highly  ohjectionahle  and  misleading  name  appears  to  have  been 
seized  upon  by  the  members  of  the  Geological  Society  as  a  means  of 
compromising  the  differences  of  opinion  of  the  two  illustrious  leaders^ 
Webster  and  Fittou,  and  thus  a  term,  characterised  by  the  illogicalilj 
inherent  to  such  compromises,  obtained  an  extensive  currency.  1& 
Murchison's  paper  on  parts  of  Sussex,  Hants,  and  Surrey,^  read 
before  the  Geological  Society  in  December,  1825,  the  beds  in  question, 
are  called  "  Lower  Greensand,  Carstone,  or  Shanklin  Sands."  In 
Martin's  paper  on  the  vicinity  of  Pulborough'  (read  March,  1827), 
and  in  his  *'  Geology  of  West  Sussex"  (lb28),  the  whole  series  of 
beds  between  the  Gault  and  Weald  Clay  is  called  "  Shanklin  Sand»'* 
the  upper  portion  being  described  under  the  name  of  "  Fermginoiu 
Sands,"  while  the  term  "Lower  Greensand"  is  restricted  to  the 
lower  portion. 

On  the  first  suggestion  of  the  term  "Lower  Greensand,"  Dr. 
Filton  pointed  out  some  of  the  veiy  forcible  objections  to  its  use,* 
and  though,  in  his  great  work  on  the  strata  between  the  Chalk  and 
the  Oxford  Oolite  (read  in  1827,  but  not  published  till  1836),  he 
follows  what  had  then  become  the  common  custom,  he  accompanies 
the  use  of  the  term  with  a  strong  protest/  In  1845  the  same  author 
writes  as  follows : — He  *'  had  long  since  stated  the  objections  to 
which  the  name  Lower  Greensand  was  exposed,  but  thought  it 
expedient  in  1835  to  adopt  that  term,  on  the  ground  of  its  universal 
employment  in  England,  and  its  very  general  reception  on  the  Con- 
tinent- On  this  ground  he  thinks  that  this  name  ought,  for  the 
present,  to  be  retained.  If,  hereafter,  a  change  be  thought  desirable, 
ho  conceives  that  the  new  denomination  should  be  taken  from  the 
Isle  of  Wight,  where  this  poilion  of  the  Subcretaceous  Rocks  was 
first  distinguished,  and  where  the  sections  on  the  coast  are  remarkable 
for  their  distinctness ;  and  if  such  a  case  should  arise,  he  suggests 
the  name  of  Vectine  for  the  strata  now  oilled  Lower  Greensand, 
from  the  ancient  name  of  that  island,  Insula  Veciis  of  the  Komans.*^ 
If  I  do  not  hero  quote  any  particular  passage  from  the  valuable 
series  of  contributions  on  this  subject  from  the  pen  of  Mr.  Godwin- 
Austen,  it  is  because  almost  evet-y  page  of  those  memoirs  exposes  the 
viciousncss  of  the  term  '^  Lower  Greensand,"  and  indicates  the 
necessity  for  a  change.* 

While  such  varied  complications  and  confusion  had  arisen  in  this 
country'  in  the  matter  of  the  classification  and  nomenclature  of  the 
Subcretaceous  strata,  the  geologists  of  Switzerland  and  France  were 
gnidually  working  out  the  true  relations  of  the  fine  development  of 
the  same  formation  on  the  fianks  of  the  Jura.  Passing  over  the  early 
researches  of  Borguet,  de  Saussurc,  and  Von  Buch,  each  of  whom 

*  Trans.  Ge«l.  Soc,  second  series,  toI.  ii.,  p.  97. 

•  l*roc.  (ieol.  Soc.,  vol.  i.,  p.  19. 

•  Annals  of  Philosophy,  new  series,  toI.  Tiii.  (1824),  p.  461. 

*  Trans.  Geol.  i^oc.,  2Dd  series,  vol.  iv.,  p.  103. 

*  Qnaii.  Journal  Geol.  Soc.,  vol.  i.,  p.  189. 

•  See.  especially,  •♦  On  the  Geolo^  of  the  South-east  of  Surrey."  Proc.  Ge*»l.  Soft 
ir.,  p.  167,  196;  and  *M)n  the  Age  and  Tosition  of  the  Fossilifarous  Sands  as^ 
Gravels  of  Farringdon/'  Quart  Journal  Geol.  ^oc.,  vol.  vi.,  p.  454. 
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made  Talaable  oontributions  to  the  subject,  and  to  some  extent 
anticipated  later  and  fuller  discoveries,  our  attention  is  particularly 
attracted  by  the  labours  of  Auguste  de  Montmollin,  of  Neuchatel. 
This  able  geologist  was  engaged,  during  the  years  1825-7,  in  closely 
studying  the  rocks  (then  supposed  to  belong  to  the  Upper  Oolite)  in 
the  neighbourhood  of  his  native  town ;  and  in  1828  was  able  to 
oarry  a  considerable  collection  of  their  fossils  to  Paris,  and  to  corn- 
rare  them  with  the  palsdontological  collections  of  M.  A.  Brongniart. 
He  was  thus  led  to  the  conclusion  that  the  Swiss  fossils  had  close 
affinities  with  those  of  the  Lower  Cretaceous,  and  that  the  beds  of 
Kench&tel  were  near  in  age  to  the  Lower  Greensand.  At  least  as 
early  as  1833  M.  de  Montmollin  read  before  the  "Societe  des 
Scienoes  Naturelles  de  Neuchatel "  his  celebrated  ''  Memoire  sur  le 
terrain  Cretace  du  Jura,'*  though  it  was  not  published  until  1835, 
while  the  accompanying  map  did  not  appear  until  1839.  Some  of 
the  earlier  labours  of  Agassiz  were  devoted  to  the  study  and  descrip- 
tion of  the  fossils  of  these  beds,  and  the  discussion  of  the  relations  of 
the  strata  themselves. 

Li  1836  MM.  Yoltz  and  Thirria  published  their  ''  Memoire  sur  le 
terrain  Jura-cretace  de  la  Franche-Oomte,"  in  which  they  point  out 
that  the  beds  in  question  form  either  the  lower  part  of  the  Greensand 
formation,  or  else  constitute  a  distinct  formation,  situated  between 
the  Jurassic  and  Cretaceous. 

In  consequence  of  the  differences  of  opinion  which  existed  on  the 
sabject  of  the  classification  of  the  beds  of  the  Jura,  two  sj^ecial 
conferences  of  geologists  took  place — that  of  Neuchatel  in  1834,  and 
that  of  Besau9on  in  1835.  At  the  latter  of  these  M.  Jules  Thurmann 
pointed  out  the  strong  reasons  which  existed  for  considering  the 
strata  in  question  as  constituting  a  new  geological  horizon,  and 
proposed  for  it  the  name  N4oeomien,  from  the  Latin  name  (Neo- 
comnm)  of  the  town  about  which  they  are  so  well  developed,  and 
where  they  were  first  studied.  This  happy  suggestion  was  at  once 
adopted  by  M.  de  Montmollin  and  the  other  geologists  present,  and 
the  term  Neocomien  soon  obtained  an  extensive  currency  in  France, 
Switzerland,  and  Germany. 

A  year  or  two  later  the  existence  and  characters  of  beds  of  the 
same  age  on  the  eastern  side  of  the  Paris  basin  were  described 
almost  simultaneously  by  MM.  La  Joye,  Leymerie,  Boyer,  and 
Comnel. 

In  the  typical  district  of  the  Jura  the  Neocomian  series  is  not 
complete  in  ita  upper  part.  For  the  higher  beds,  not  represented 
in  that  district,  D'Orbigny  proposed  tbe  name  Aptien ;  and  later  he 
separated  the  upper  part  of  the  Neocomian  of  the  Jura,  under  the 
name  Urgonien.  D'Archiac,  however,  has  well  shown,  in  the  fourth 
and  fifth  volumes  of  his  "  Histoire  des  Progr^s  de  la  Geologic,"  that 
the  Aptien,  Urgonien,  and  Neocomien  Stages  of  D'Orbigny  are  but 
portions  of  one  great  formation,  to  the  whole  of  which  the  term 
Neocomian  is  properly  applied.  It  is  not  necessary  here  to  pass  in 
review  all  the  terms — such  as  Bhodanien,  Barremien,  Yalanginien. 

VOL.  Vn. — ^NO.  LXX.  \^ 
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Dubuisien,  ko. — which  have  been  proposed  for  portionB  of  this 
formation,  and  which  are  not  destitute  of  a  local  yalue.^ 

Two  important  attempts  to  dismember  the  great  Neocomian 
formation  have,  however,  been  made  since  the  time  of  lyOrbigny, 
and  these  demand  oar  attention.  In  1858  M.  Maroon,  who  has  done 
so  much  for  the  elucidation  of  the  structure  of  the  French  Jnia^ 
argued  that  the  term  Neocomian  ought  to  be  applied  only  to  the  beds 
originally  described  by  de  MontmoUin ;  and  he  showed,  at  the  same 
time,  that  the  palsdontological  affinities  of  D*Orbigny's  TJrgonien  and 
Neocomien  Stages  were  so  close  that  they  could  only  be  regarded  as 
constituting  a  single  formation.  On  the  other  hand,  M.  Lory's 
admirable  researches  in  Dauphiny  have  made  known  to  as  the  fact 
that  strata,  before  considered  as  typical  Aptien,  are  actually  inter- 
stratified  with  the  true  Urgonien.  In  consequence  of  this  discovery, 
MM.  Coquand,  Comuel,  and  several  other  distinguished  Frendi 
geologists  argue  that  the  Aptien  and  Urgonien  should  be  joined 
together  to  constitue  one  formation  (the  Urgo- Aptien),  while  the 
beds  below  (Neocomien  of  D'Orbigny)  should  form  a  second. 

Believing,  as  we  do,  with  M.  Marcou,  in  the  close  palmontologioal 
affinities  of  the  Urgonien  and  Neocomien  Stages  of  D'Orbigny,  and 
equally,  with  M.  Lory,  in  the  no  less  close  relation  of  the  Aptien 
and  Urgonien,  we  are  led  to  follow  d'Archiac,  and  to  r^ard  the 
whole  of  these  three  divisions  as  constituting  one  grand  formation. 
This  formation,  or  system,  in  places  includes  nearly  9,000  feet  of 
marine  strata,  and  over  wide  areas  is  separated  by  grand  tmconformiUei 
alike  from  the  Cretaceous  above  and  the  Jurassic  below.  It  has  an 
extensive  and,  in  many  respects,  a  peculiar  fauna,  many  of  the 
S{>ecies  of  which  pass  from  the  bottom  to  the  top  of  the  series,  while 
but  very  few  indeed  transgress  its  limits.  The  Neocomian  does  not 
present  closer  relations  with  the  true  Cretaceous  than  it  does  with 
the  Jurassic,  with  each  of  which  it  is  in  every  way  worthy  to  rank 
as  an  independent ''  system." 

The  use  of  the  term  Neocomian,  to  include  the  three  Stages  (Aptien, 
Urgonien,  and  Neocomien)  of  D*Orbigny,  which  we  advocate,  is  that 
which  is  almost  universally  adopted  by  the  geologists  of  Switzerland 
— by  MM.  Pictet,  Renevier,  and  others,  who  have  done  so  much  to 
illustrate  the  formation  and  its  fauna  in  their  own  country.  It  is  to 
be  regretted,  however,  that  these  geologists  introduce  some  confusion 
into  their  writings  by  the  use,  at  the  same  time,  of  the  term  Neo* 
comian  proper,  for  a  small  portion  of  the  formation  (mamer 
d'Hauterive).  In  France  the  same  comprehensiveness  is  attached  to 
the  term  as  was  done  by  the  late  M.  D'Archiac  by  a  considerable 
number  of  geologists,  foremost  among  whom  stands  M.  Hebert,  who 
in  several  papers  has  ably  defended  Uiis  extended  application  of  the 
term. 

For  the  same  system  of  strata  the  term  Htls  has  been  used  in 
Germany,  and  the  name  Biancone  in  Italy,  but  both  of  these  are 
of  later  date  than  the  name  Neocomian. 

1  On  this  subject  I  would  refer  the  reader  to  Mr.  Dayidson's  ralvable  "  NoiM  cm 
Continental  Geology,"  in  the  Gbolooical  Maoazinb  for  1869. 
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We  have  seen  in  the  preoeding-  pages  tbat  the  term  "  Greensand  ^ 
orfginally  appHed  hj  Smith  and  Webster  to  the  bed  now  knows 
as  Upper  ChreenMnd,  and  that,  through  the  excusable^  but  most  mifor- 
tanale,  misconceptions  of  succeeding  writers^  vt  came  to  be  applied 
to  a  fbrmation  of  mnch  older  d^te;  also  how,  m  an  inefi^ual 
attempt  to  get  rid  of  the  confasion  which  had'  arisen,  the  words 
Qpper  and  Lower  came  to  be  added  to  the  term.  We  have  also  seen 
tbe  great  objections  there  are  to  the  term*  ''Lower  Greensand/^  and 
the  attempts  which  hare  been  made  in  this  country  to  find  a  substi- 
tvte  for  it  Lastly,  we  hare  followed  the  labours  of  those  geologistB 
in  SwitBerland  and  I\«nce,  wha,  studying  the  same  formation  in  its 
more  eomplete  developnient,  haTc  suggested  a  name  in  every  respect 
Boital^e— one  against  which  no  valid  objection  has  ever  been  urged, 
and  wlttdii  has  taken  a  firm  root  in  geological  literature. 

It  is  for  these  reasons  that  we  believe  that  the  term  Neocomian 
baa  daima  before  all  others  to  be-  a][^ied  to  the  great  system  of 
strata  between  the  Cketaceous  and  the  Oblites.  T^rms  like  Silurian 
and  Neocomian  are  the  monuments  of  great  epochs-  in  the  history  of 
geological  discovery,  and  the  former  is  not  more  closely  associated 
witii  the  achievements  of  Murchison  than  is  the  latter  with  the 
labours  of  de  Montmollin. 


L — On  the  Sukpace-Gkolooy  op  the  Basin  of  the  Great  Lakes, 
▲NnTHE  Yallsy  or  the.Mis8I8Sippi..  By  Plx)f.  J.  S.  Ne wberbt,  M.D. 

[Annals  of  the  I^roenm  of  Nat  Hist.,  Kew  York,  Vol.  IX.,  1869.] 

rEI  area  under  consideration  is  bounded  on  the  north  by  the 
Eozoic  highlands  of  Canada,  on  the  east  by  the  Adirondacks 
and  Alleghanies,  and  on  the  west  by  the  Rocky  Mountains. 

Marks  of  glacial  action  are  abundant  in  the  northern  half  of  the 
area,  and  where  the  nature  of  the  rocks  is  such  as  to  retain  in- 
scriptions, there  numerous  furrows  are  found,  having  a  general  north 
and  south  direction. 

Li  the  southern  half  of  the  Mississippi  vaUey  the  evidenoee  of 
glacial  action  are  entirely  wanting,  and  there  is  nothing  oorresponding 
to  the  wide-^)read  Drift  deposits  of  the  north.  The  points  of  chief 
interest  are  the  proofs  which  it  furnishes-  of  erosion-  on  a  stupendous 
scale. 

Some  of  the  valleys  and  channels  (in  the  northern  area)  which 
bear  the  marks  of  glacial  action— evidently  formed  or  modified  by 
ioe,  and  dating  from  the  Glacial  period  or  an  earlier  epoch — are 
excavated  far  below  the  present  lakes  and  water-courses  which 
occupy  them.  These  valleys  form  a  connected  system  of  drainage^ 
at  a  lower  level  than  the  present  river  system. 

Lakes  Michigan,  Huron,  Erie,  and  Ontario,  are  basins  excavated 
in  undisturbed  sedimentary  rocks.  An  old  excavated,  but  now  filled 
up  channel  connects  Lakes  Erie  and  Huron.     Another  tiou^  x^OkXia. 
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south  from  Lake  Michigan^filled  with  day,  sand,  trunks  of  trees, 
eto. — which  has  heen  penetrated  in  one  place  to  a  depth  of  23(X  feet 

Hie  borings  for  ou  in  the  valleys  of  the  Western  riyers  have 
enabled  Professor  Newberry  not  only  to  demonstrate  the  existenoe  of 
de^ly  buried 'Channels  of  excavation,  but  in  many  eases  to  map  them 
out.  He  points  out  the  importance  of  a  knowledge  of  these  okL 
ohannels  in  the  improvement  of  the  navigation  of  our  larger  tiven, 
as  this  may  in  many  cases  prove  valuable  in  ooBstmcting  oanak, 
when  millions  of  dollars  might  be  expended  in  rock  exoavatiQiL 

tJpon  the  glaciated  surfaces  of  the  solid  rooks  are  found  a  series 
of  unconsolidated  materials,  generally  stratified.  These  are  the 
Drift  deposits,  which  occur  in  the  following  (asoendiBg)  order : — 

1.  The  Erie  clays  of  Sir  W.  E.  Logan,  l^ey  consist  of  bine  and 
red  clays,  finely  stratified,  with  drifted  coniferous  wood  and  leaves, 
and  containing  in  some  places  beds  of  gravel  and  boulders.  In 
Ohio  these  clays  are  nearly  200  feet  in  thickness.  They  fill  the  old 
channel  which  formerly  oonnected  lakes  Erie  and  Huron;  here  they 
are  over  200  feet  thick. 

2.  Above  the  Erie  clays  are  Sands  of  variable  thickness,  less 
widely  spread  than  the  clays.  They  contain  beds  of  gravel,  and 
near  the  surface  water- worn  teeth  of  Elephants  have  been  found. 

d.  Upon  these  clays,  sands,  and  gravels,  are  scattered  boulders  of 
all  sizes,  composed  of  granite,  diorite,  and  dolerite,  mica-slate,  etc., 
generally  traceable  to  the  Eozoic  area  north  of  the  lakes.  There  are 
also  many  balls  of  native  copper  from  the  copper  district  of  Lake 
Superior. 

Above  all  these  Drifts,  and  more  recent  than  auy  of  them,  are 
"lake-ridges,"  embankments  of  sand,  gravel,  sticks,  leaves,  etc., 
which  run  rudely  parallel  to  the  present  margin  of  the  lakes,  when 
highlands  lie  in  t^e  Tear.  The  author  regards  them  as  true  lake- 
beaches. 

Professor  Newberry  gives  some  theoretical  deductions  regarding 
the  history  of  these  deposits,  and  then  discusses  the  origin  of  the  Great 
Lakes.  Some  of  them  are  embraced  in  the  folding  of  tibe  Eozoic  rocks, 
and  fill  synclinal  troughs ;  but  most  of  the  series,  from  Great  Bear 
Lake  to  Lake  Ontario,  are  basins  of  excavation  in  the  Pakeozoic 
plain  that  fianks  in  a  parallel  belt  the  Laurentian  area.  The 
bottoms  and  sides  of  the  lake-basins,  wherever  exposed  to  observa- 
tion, if  composed  of  resistant  materials,  bear  indisputable  evidence 
of  ice- action,  proving  that  these  basins  were  filled  by  moving 
glaciers  in  the  last  ice-period.  He  considers  that  no  other  agent 
than  glacial  ice  is  capable  of  excavating  broad,  deep,  boat-shaped 
bflusins,  like  those  which  hold  the  lakes.  This  theory,  it  is  hai^y 
necessary  to  say,  is  in  accordance  with  that  which  was  first  pro- 
mulgated by  Professor  Ramsay,  and  which,  alUiough  it  met  with 
disfavour  when  it  was  first  started  some  time  since  (1862),  has 
certainly  been  gaining  ground,  though  slowly,  and  it  seems  probable 
that  the  glacial  origin  of  rock-basins  occupied  by  lakes  will  ere 
long  be  generally  accepted.— H.  B.  W. 
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n. — Tbm  Gsoloctoal  BsLATioirs  OF  THE  Alpikk  Flora  or  Gbkat 

BsiTAnf.    By  the  Ber.  Jab.  M.  Cbombik. 

(▲  p^er  read  before  die  Geologistir  ijaodation  of  London.) 

IN  this  pi4)er  Mr.  CromlHe  discofises  the  origin  of  the  Alpine  (or 
Boreal)  Flora  of  Great  Britain,  showing  that  it  is  directly  due 
to  a  past  geolc^cal  condition  of  our  island.  This  Alpine  Flora  is 
met  with  apon  onr  higher  mountains ;  but  only  on  the  higher  rangeB 
of  Scotland,  on  the  lofty  and  extensive  Grampians,  does  St  occur  in 
great  plenty  and  yariety. 

The  limits  within  which  the  plants  are  nsually  foimd  are  firom 
about  1,506  to  4,406  feet  (the  summit  of  Ben  Nevis).  This  space 
baa  been  divided  into  certain  zones,  both  physically  and  botanicaUy 
distinct  from  each  other,  and  these  are  applicable  to  all  the  loftier 
mountains,  making  due  allowance  for  diversity  of  situation, 
mineralogical  structure,  etc. 

The  flora  of  each  is  so  similar  in  its  main  features  as  clearly  to 
betray  a  common  origin  and  a  similar  mode  of  distribution. 
Between  our  Alpine  Flora  and  that  of  Scandinavia  there  is  a  great 
similarity,  and  the  author  considers  that  the  boreal  forms  of  Great 
Britain  were  derived  from  it 

He  agrees  with  the  late  Professor  Edward  Forbes  that  the  distri- 
bution of  this  Alpine  Flora  was  effected  during  the  Glacial  epoch, 
which,  indeed,  the  character  of  the  plants  themselves  renders  most 
probable. 

in. — Pboosedings  of  the  Bristol  Naturalists'  Sooncrr.    Vol.  IV. 

For  the  year  1869. 

IN  their  Eeport  of  1869,  the  Council  of  the  Society  regret  to  state 
that,  although  a  fair  amount  of  work  has  been  done  during  the 
year,  yet  there  has  been  but  a  poor  attendance  of  members,  both  at 
the  general  Evening  Meetings,  and  at  the  Summer  Excursions.  The 
number  of  members  has  also  decreased  from  215,  in  1868,  to  167,  in 
1869  ;  in  addition  to  which  however  there  are  seven  Lady  Associates. 

In  the  present  volume  there  are  eleven  papers,  including  some  on 
Geological  subjects. 

There  is  an  Analysis  of  the  Report  presented  by  the  late  Prof.  W. 
Hopkins  to  the  British  Association,  '*  On  the  Theories  of  Elevation 
and  Earthquakes,"  by  the  President  of  the  Society,  Mr.  W.  Sanders, 
F.H.S.,  etc. 

The  Rev.  Canon  Moseley,  F.R.S.,  Vice-President,  communicates  a 
paper  "  On  the  Cause  of  the  Descent  of  Glaciers." 

He  considers  that  a  glacier  would  not  by  its  weight  descend.  As 
glaciers  move  faster  by  day  than  by  night,  and  faster  in  summer 
than  in  winter,  he  maintains  that  it  must  be  the  variation  in  the 
amount  of  solar  heat  which  causes  the  changes  of  glacier  motion. 

His  theory  is,  that  dilatation  and  contraction  of  the  ice,  produced 
by  the  passage  into  it  and  withdrawal  from  it  of  the  sun's  rays,  is 
the  proximate  cause  of  the  descent  of  glaciers. 
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I. — On  thb  Limits  of  the  Jubassio  and  Cbstacbous  Fobmatiovs. 

By  F.  J.  PioTBT. 

[Rapport  iSdt  i  la  Bcnion  4e  1869  de  la  Sociatf  HelT^tiquA  dn  Sdeaoet  KatenOei.] 

IT  lias  been  generally  admitted  that  the  Kimmeridgian  and  Port- 
landian  stages  form  everywhere  the  upper  limit  of  the  Jarassio 
period,  and  that  the  Neocomian  (incladin^  me  Yalangian  stage)  fi>rm 
the  lower  limit  of  the  Cretaceous  period.  These  limits  appear 
reasonable  from  the  existenoe  of  intermediate  freshwater  deposits 
(Wealden). 

Late  researches  liave  tended  to  render  somewhat  indefinite  the 
boundary  between  these  periods,  and  numerous  discussions  have 
taken  place,  of  which  the  author  gives  a  r^um6  in  the  present 
sketch. 

Oppel,  in  1865,  determined  the  existence  of  certain  strata,  chaiao- 
tensed  by  a  very  rich  fauna,  between  the  upper  Jurassic  (Kimme* 
lidgian  stage)  and  the  Neocomian,  to  which  he  applied  the  name 
Tithonic. 

The  succession  of  the  beds  is  not  contested.  Numerous  published 
works  show  the  succession  of  faunas  has  been  the  same  at  many 
points  far  distant  from  one  another,  and  it  may  be  considered  as  a 
fact  that  from  the  Carpathians  to  the  Mediterranean,  in  all  places 
where  the  Tithonic  stage  has  been  met  with,  the  seiies  is  disposed 
as  follows : — 

1.  Neocomian  stage  (proper). 

2.  Yalangian  stage,  and  Marls  with  BeUmnites  kUus. 
S.  Limestone  of  Beiiias. 

4.  Tithonic  stage. 

5.  Bed  with  large  specimens  of  Aptychus. 

6.  Jurassic  fauna  with  Ammonites  t^nutlobatus. 

The  limit  of  the  Jurassic  and  Cretaceous  periods  may  be  drawn 
between  stages  4  and  5,  or  between  5  and  6.  But  M.  Pictet  asks, 
•is  it  not  possible  that  there  has  been  no  interruption  between  the 
two  periods? 

The  question,  he  maintains,  can  only  be  solved  by  a  general  com- 
parison of  the  beds  in  question  over  a  large  area. 

Reviewing  the  researches  of  Palaeontologists  in  various  localities, 
he  gives  the  following  arrangement  to  show  the  succession  of  beds 
where  the  Tithonic  stage  is  well  developed  : — 

1.  Lower  Neocomian  stage  and  Limestone  of  Berrias  (Terebratula 

diphyoidea) . 

2.  Upper  Tithonic  fauna,  or  Limestone  of  Stramberg  {TerehraUda 

janitor), 

3.  Lower  Tithonic  fauna    of  Rogoznik,    Blue    Marble    of  the 

Apennines,  and  probably  the  Limestone  with    Terehraitila 
diphya  of  the  Tyrol. 
4^  Fauna  with  Ammonites  tenuilohcUus. 

Nos.  3  and  4  have  characters  eminently  Jurassic ;  No.  2  is  rather 
Cretaoeoua;  and  in  No.  4  are  found  the  usual  forms  of  this  period. 
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The  line  of  separation  between  the  two  periods  has  been  placed 
between  stages  2  and  3,  bnt  M.  Pictet  regards  it  as  a  very  feeble 
limit. 

The  fonr  stages  are  bound  together  by  great  palsdontological 
analogies.  Several  species  pass  undoubtedly  irom  No.  1  to  No.  2, 
finom  that  to  No.  3,  and  from  No.  3  to  No.  4.  Nos.  2  and  3  in  par- 
tumlar  have  about  one-third  of  their  species  in  conunon  I  He,  how- 
eyer,  suspends  judgment  until  new  sections  are  known  and  new  local 
£uinaB  worked  out^  whidi  he  hopes  may  determine  the  question.  A 
minute  description  of  the  fauna,  with  TerebraUda  diphya,  of  the 
Tyrol,  will  soon  be  ready,  and  he  expects  that  the  results  of  obser- 
▼ations  by  M.  M.  de  Yemeuil  and  Ernest  Favre  in  Andalusia,  will 
supply  some  desiderata  towards  a  definite  solution. 

M.  Pictet  concludes  with  some  theoretical  reflections  on  the  man- 
ner in  which  these  researches  must  be  received  and  discussed. 
He  believes  that  the  development  and  succession  of  beings  has 
been,  and  still  is,  under  the  control  of  laws  perfectly  regular,  and 
that  the  faunas  have  been  modified  more  or  less  gradually,  and  with 
A  certain  slowness,  under  the  influence  of  varied  circumstances,  like 
those  which  bring  about  analogous  efiects  in  modem  seas. 

But  as  these  circumstances  are  not  identical  at  all  times,  nor  in  all 
places,  it  is  not  at  all  probable  that  changes  happen  exactly  in  the 
same  manner  in  all  geological  basins. 

The  history  of  the  succession  of  life  must  consequently  be  very 
ixmiplex,  and  modified  by  local  causes ;  it  could  not  be  drawn  up 
very  simply,  nor  would  it  be  applicable  to  all  cases. 

M.  Pictet  makes  a  few  remarks  on  the  use  of  the  word  normal, 
objecting  to  its  application  to  particular  beds  in  the  ''  Anglo-French 
basin,"  in  which  according  to  some  Naturalists  are  to  be  found  the 
normal  succession  of  stages;  while  the  beds  in  other  localities,  which 
are  not  rigorously  identical  in  character,  are  considered  abnormal. 

If  by  chance,  as  M.  Merian  has  remarked,  the  first  development  of 
geoli^y  had  taken  place  elsewhere,  the  classification  would  doubtless 
have  been  different  Breaks  that  in  the  *'  Anglo-French  basin  "  are 
very  clear,  would  in  other  places  be  represented  by  a  continued  suc- 
cession of  beds,  and  vice  versa. 

M.  Pictet  remarks  on  the  indefinite  character  of  Zones.  They  are 
useful,  but  they  should  not  be  characterized  by  one  or  two  isolated 
fossils,  but  rather  by  an  assemblage  of  forms. 

Recent  discoveries  ever  tend  to  soften  down  the  hard  lines  that 
were  supposed  to  separate  our  great  formations.  The  limits  as- 
signed to  them  are  mere  inventions  of  science,  useful  in  their  way 
as  points  of  reference,  sometimes  indicating  local  breaks,  but  never 
an  index  of  change  for  localities. 

The  passages  of  the  Devonian  into  the  Carboniferous  are  now  well 
establii^ied,  the  BhaBtic  beds  fill  up  the  gap  between  the  Trias  and 
Lias,  new  freshwater  deposits  discovered  by  M.  Matheron  connect 
the  Cretaceous  and  Tertiary  periods,  and  the  latter  merges  insensibly 
into  the  Quaternary  and  Modem  periods. 
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IL — The  Vallisy  of  thb  Poobna  Biysb,  West  Bskab.    By  A. 

B.  Wynnis,  F.Q.S.,  &o. 

[Records  of  the  Geological  Surrey  of  India,  No.  1, 1869.] 

rEj  Pooma  (or  Poona?)  Valley,  in  Central  India,  lies  between 
longtitudes  76°  and  78°  east,  and  is  traversed  by  the  2l8t 
parallel  of  N.  latitude.  It  is  about  124  miles  in  length,  from  its  upper 
or  eastern  end  to  where  it  passes  into  the  larger  valley  of  the  river 
Taptee.  In  width  it  varies  from  thirty  to  forty  miles,  on  an  average. 
It  is  bounded  on  the  south  by  the  Adjunta  gh^ts,  an  abrupt  scarp  of 
the  Deocan  plateau,  into  the  usual  steppe  character  of  which  these 
ranges  pass  imperceptibly ;  while  on  the  north  are  the  bold  and 
varied  escarpments  of  the  Gawilghur  range.  These  latter  mountains 
are  intersected  by  steep  glens  and  wide  valleys,  sometimes  presenting 
nearly  vertical  precipices  of  great  height,  in  places  probably  from 
1,000  to  1,200  feet 

The  hills  and  portion  of  the  valley  south  of  the  Pooma  river  con- 
sist of  Trap,  similar  to  that  of  the  Deccan.  The  stratification  is  veiy 
perceptible,  and  nearly  always  horizontal.  The  Qawilghur  range  is 
mainly  composed  of  hard  basaltic  beds,  amygdaloid,  and  soft  traps. 
A  great  fault,  with  a  down -throw  to  the  south,  crosses  the  country 
in  an  east  and  west  direction,  dose  to  the  foot  of  this  range,  and 
brings  the  Trap  against  the  underlying  Mahadeva  or  B&gh  (Tanda) 
sandstones.  These  sandstones  are  soft  or  coarse,  white,  and  even- 
grained,  and  would,  in  Mr.  Wynne's  opinion,  furnish  good  building 
stone. 

Impressions  of  plants  have  been  observed  in  some  of  the  flaggy 
beds,  and  numerous  small  univalves  have  been  met  with  in  shales 
and  limestones  belonging  to  these  Mahadeva  beds. 

Mr.  Wynne  describes  at  some  length  the  alluvium  of  this  valley, 
which  appears  as  a  great  plain.  The  ground  in  places  is  undulating, 
while  the  Trappean  rocks  are  here  and  there  exposed  at  the  surface. 
In  every  part  of  the  alluvium  calcareous  conglomerate  is  of  common 
occurrence.  It  occasionally  contains  fragments  of  bones  and  teeth  of 
ruminants.  Small  freshwater  shells  are  not  uncommon  in  the 
deposit.  They  appear  to  belong  to  existing  species  of  Melania, 
Paludina,  Bithynia,  Lymnaa,  Planorhis,  and  Unto  (?). 

Much  of  the  Pooma  alluvium  produces  efflorescences  of  salts, 
chiefly  of  soda ;  and  in  many  places  the  wells  sunk  in  it  are  brackish 
or  salt.  Wells  are  specially  sunk  for  obtaining  common  salt,  and 
some  of  them  are  from  120  to  130  feet  in  depth.  They  are  sunk 
through  yellow  clay,  then  reddish  clay,  and,  below  this,  into  a  coarse 
sand  or  fine  gravel,  from  which  the  water  issues  with  great  force. 

The  alluvium  is  of  considerable  depth.  In  places  it  may  exceed 
150  feet. 

Whether  the  whole  of  this  alluvium  was  deposited  in  a  lake,  or 
by  the  river,  travelling  from  side  to  side  of  the  valley,  under  other 
conditions  that  at  present  obtain,  Mr.  Wynne  considers  it  difficult  to 
say.  A  former  estuarine  condition  of  the  area,  or  a  large  lake,  ift 
indicated  by  the  salt-bearing  beds ;  but  the  even,  though  intermpted. 
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waacftice  of  the  aUnyimn,  he  thinks,  is  against  the  probahility  of  its 
haying  heen  deposited  hy  the  Pooma  under  existing  conditions. 

Laterite  occurs  in  several  places. 

The  cotton  or  black  soil,  which  occurs  largely  in  the  Pooma 
Talley,  as  is  usual  in  trappean  districts,  has  no  geologicalpeculiarity, 
and  has  therefore  not  been  treated  of  by  Mr.  Wynne.  He  remarks, 
that  to  its  development,  and  to  the  fertile  nature  of  soils  derived 
from  the  Trap,  may  doubtless  be  traced  the  name  which  this  countiy 
has  obtained  as  a  cotton-producing  district. — ^H.  B.  W. 


nL — ^TaAKSAonoNs    of    the    Edinbubgh    Geological    Sooistt. 

Vol.  I.     Part  in.     8vo.     1870. 

THE  papers  contained  in  this  Part  are  those  read  before  the 
Society  between  November,  1868,  and  June,  1869 — and  with 
them  is  completed  the  first  volume  of  the  Society's  Transactions. 
The  whole  is  well  printed,  and  illustrated  with  many  plates  and 
wood-outs.  Most  of  the  papers  have  been  noticed  previously  in  the 
OsoLOGiOAL  Magazine,  with  the  exception  of  four  read  on  the  6th 
of  May,  1869. 

1.  Note  on  the  occurrence  of  Actinoerinus  pvlcher  in  the  Upper 
Silurian  Flag  of  Denbighshire.  By  D.  W.  Roberts,  M.B.,  etc.  The 
author  records  a  new  locality  (Qalt-y-celyn,  Derwen)  for  this  rare 
Encrinite,  which  hitherto  had  only  been  found  in  two  places  in 
North  Wales. 

2.  On  two  River  Channels  buried  under  Drift,  belonging  to  a 
period  when  the  land  stood  several  hundred  feet  higher  than  at 
present.  By  James  CroU.  The  author  described  an  ancient  river 
channel  buried  under  drift,  extending  from  Kilsyth  to  Grangemouth, 
which  has  been  discovered  through  means  of  borings  for  minerals. 
The  journals  of  these  borings  were  collected  for  the  purpose  of 
ascertaining  the  depth  and  character  of  the  surface  deposits  of  the 
country ;  and  it  was  while  examining  these  that  the  incidental 
discovery  was  made  of  a  deep  preglacial,  or  perhaps  interglacial, 
trough  or  hollow,  extending  from  the  Clyde,  above  Bowling,  by 
Kilsyth,  to  the  Firth  of  Forth,  near  Grangemouth.  It  was  clear 
that  this  hollow  was  not  due  to  a  fault,  but  to  denudation,  as  the 
strata  which  it  cuts  through  were  found  to  be  intact  and  unbroken 
beneath,  proving  that  it  had  been  cut  out  of  the  solid  rock.  The 
author  thinks  that  the  western  half  of  this  great  hollow,  extending 
from  the  watershed  at  Kilsyth  to  the  Clyde,  is  also  an  old  river 
channel,  probably  the  ancient  bed  of  the  Keh'in.  He  concluded 
that  this  hollow  had  been  cut  out  by  running  water  in  the  form  of 
rivers,  when  the  land  stood  higher  than  now.  These  rivers,  starting 
from  the  present  watershed  of  the  district  near  Kilsyth,  would  nm, 
the  one  westward,  flowing  along  the  valley  of  the  Kelvin,  into  the 
Clyde  near  Bowling,  and  the  other  eastward,  along  the  present 
course  of  the  Bonny  Water,  till  it  entered  the  Firth  of  Forth  near 
Qrangemouth.  The  geological  state  of  this  ancient  river  channel  is 
shown  by  the  deepest  bore  at  Grangemouth  to  be  either  just  before 
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or  shortly  after  the  beginning  of  the  glacial  epoch ;  which  oondaabn 
is  confirmed  by  the  deepest  bore  in  tlie  western  portion  of  the 
hollow.  The  chief  geological  value  of  this  discovery  consists  in  the 
evidence  it  affords  that  at  the  time  when  water  flowed  down  this 
ancient  river  channel  into  the  sea  the  land  must  have  stood  nearly 
300  feet  higher  than  at  present  The  surface  of  the  land  at  Grange- 
mouth is  only  12  feet  above  tlie  level  of  the  sea ;  and  as  the  bottom 
of  this  old  river  channel  is  273  feet  below  the  surface,  it  is  evident 
that  the  land  must  have  stood  at  least  about  260  feet  l^gher  than  at 
present.  It  is  satisfactory  thus  to  find  on  land  a  confirmation  of 
what  has  long  been  inferred  from  the  mammalian  and  other  remains 
found  in  the  bed  of  the  German  Ocean,  the  English  Ghannelf  and 
other  parts,  that  at  a  very  recent  period  our  island  must  have  stood 
several  hundred  feet  higher  than  now,  and  formed  part  of  the  great 
eastern  continent,  which  then  included  in  its  area  the  present  isolated 
lands  of  Great  Britain  and  Ireland. 

8.  On  the  Discovery  of  a  "  Sand-dyke,"  or  Old  Eiver  Channel, 
running  North  to  Soutb,  from  near  Kirk  of  Shotts  to  Wishaw^ 
litysarl^hire.  By  Robert  Dick.  Mr.  Dick  first  discovered  this  old 
riverbed,  or  "sand-dyke"  in  mining  language,  in  the  Virtoewell 
coal  workings  of  No.  27  pit,  connected  with  the  Omoa  Iron  Works. 
The  level  to  the  north-west  had  not  been  driven  fnx  from  the  pit 
bottom  when  the  coal  was  observed  to  become  ''  rusty  "  or  weathered 
in  appearance.  The  "joints  "  of  the  coal  were  open,  and  the  roof  of 
the  mine  became  brittle  as  the  miners  advanced.  These  signs  indi- 
cated the  termination  of  the  coal-seam,  and  when  the  "  level "  pierced 
the  "  boss  "  a  finely-grained  sand-bed  was  exposed.  The  attempt  to 
reach  the  coal-seam,  which  was  known  to  exist  at  the  opposite  side 
of  this  "  sand-dyke,"  was  successfully  made,  which  demonstrated  the 
existence  of  an  old  river  course,  running  through  the  strata  in  this 
district,  and  forming  a  deep  glen  at  a  period  before  the  deposition  of 
the  Boulder  clay. 

4.  Notes  on  Chemical  Geology.  By  Andrew  Taylor.  Mr.  Taylor 
drew  attention  to  a  number  of  curious  observations,  indicating  a 
relation  betwixt  terrestrial  magnetism,  underground  temperature 
and  the  sun's  action. 
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Geolooioal  Society  of  London. — I.  March  23rd,  1870. — War- 
ington  W.  Smyth,  Esq.,  M.A.,  F.E.S.,  Vice-President,  in  the  Chau:. 
The  following  communications  were  read  : — 

1.  Professor  Huxley  communicated  a  letter  received  by  him  from 
Dr.  Emanuel  Bunzel,  of  Vienna,  giving  a  short  account,  illustrated 
with  figures,  of  the  posterior  portion  of  a  skull  obtained  by  Professor 
Suess  from  a  coal-mine  of  Upper  Cretaceous  (Gosau)  age.  Dr.  Bun- 
zel stated  that  at  the  first  glance  this  skull  appeared  to  possess 
Beptilian  characters,  but  that  the  convexity  of  the  occiput,  and  its 
gentle  passage  into  {he  roof  of  the  skull,  the  presence  of  a  transverse 
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rUlge  in  the  oodpital  xsegion^  the  abeenee  of  suioret,  the  globular 
fiuiQ  of  the  oondyle,  and  some  other  peouliaritiesy  prevent  tiie 
animal  to  whioh  this  aknll  belonged  from  being  referred  to  any 
known  order  of  Beptilea.  The  author  compared  this  fragment  of  a 
aknll  with  that  of  a  bird,  and  suggested  the  establishment  of  a  new 
order  of  fossil  Beptiles  (Omi<&ocep^2a),  doselj  related  to  Pro£ 
Huxley's  Or%Mu>%eel\da,  He  proposed  to  refer  his  fossil  to  a  new 
gttnuflt,  which  he  named  iSim^AtosaiiriM. 

2.  "  On  the  Discovery  of  Organic  Eemains  in  the  Caribean  Series 
<rf  Trinidad."    By  B.  J.  Leohmere  Guppy,  Esq.,  P.L.S.,  F.G.S. 

The  author  described  the  rocks  of  the  ''  Caribean  Group  "  as  con- 
fliating  of  gneiss,  gneissose,  taloose,  and  micaceous  slates  and  crystal- 
line and  oompact  limestones,  and  remarked  upon  the  probable  dis- 
tribution of  rocks  of  the  same  series  on  the  continent  of  South 
America.  In  Trinidad  the  uppermost  member  of  the  series  is  a 
oompact  dark  blue  limestone,  which  contains  obscure  but  very  sbun- 
dant  fossils ;  in  the  subjacent  day-slates  and  quartz  rocks  calcareous 
strings  and  bands,  containing  more  distinct  traces  of  organisms,  occur. 
The  author  beHered  that  he  had  detected  an  Eozoan  (which  he  called 
EL  earibeum),  a  Favoaiiea  (named  F.  fenestraUs),  a  Coral,  and  frag- 
ments of  Ecdiinoderms.  He  considered  it  probable  that  the  Caribesn 
Series  was  pre-Silurian. 

D1BCXT8810N. — Dr.  Carpenter,  from  the  slight  examination  he  had  been  able  to 
make  o€  the  foeailj,  was  unwilling  to  speak  decidedly  about  them.  There  was,  how- 
•rer,  no  donbt  of  numerous  organic  remains  occurring  in  the  rocks,  and  among  them 
seipuline  shells  and  echinoderms.  As  to  the  supposed  JE§zo<my  he  had  not  been  able 
to  recognize  any  of  the  characteristics  of  that  fossil ;  and  by  treating  the  Trinidad 
flpecimens  with  acid,  he  found  no  traces  of  structure  left,  and  yet  there  had  not  been 
sufficient  metamorphism  to  destroy  other  organisms.  In  some  dredgings  from  the 
JESj^ean  Sea  he  had  found  frittments  of  echinoderms  and  other  organisms,  in  whioh  a 
■ibceous  deposit  had  replaced  the  original  sarcode  in  the  same  manner  as  had  00- 
cufxed  in  the  Canadian  £ozo<m,  thus  proving  the  possibility  of  this  form  of  substi- 
tution, which  had  been  warmly  contested. 

Mr.  Tate  offered  some  suggestions  as  to  the  age  of  these  beds,  which  were  certainly 
older  than  Neooomian.  The  Califomian  gold-bearing  beds  appear  to  be  Jurassic. 
Similar  beds  occurred  in  New  Mexico,  Guatemala,  and  were  observed  by  him  in 
Ificaragua  and  Costa  Bica.  These  present  lithological  and  mineralogical  affinities  to 
tiie  Venezuelan  and  Trinitatian  metamorphic  series,  and  were  conjectured  to  be  of  the 
age. 


8.  "  On  the  PalaBontology  of  the  Junction-beds  of  the  Lower  and 
Middle  Lias  in  Gloucestershire."  By  Ralph  Tate,  Esq.,  A.L.S., 
F.G.S. 

The  object  of  this  paper  was  to  show  that  the  attachment  of  the 
zone  of  Ammonites  raricostatus  to  the  Lower  Lias,  and  that  of  A. 
JamesotU  to  the  Middle  Lias,  harmonizes  with  the  distribution  of  the 
organic  remains :  50  species  were  catalogued  from  the  united  zones 
of  A.  oxynottu  and  A,  raricostcUue,  8  of  which  pass  up  into  the 
Middle  Lias,  whilst  13  occur  in  the  lower  horizons;  llo  species  were 
enumerated  as  occurring  in  the  zone  of  Ammonites  Jamesoniy  60  of 
which  pass  to  higher  zones,  whilst  11  made  their  first  appearance  in 
the  Lower  Lias ;  the  number  of  species  common  to  the  contiguous 
zoues  being  14 
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The  antbor  inferred  that,  as  the  conditions  of  d^th  and  deposit 
of  the  upper  part  of  the  Lower  Lias  are  repeated  in  the  lower  part 
of  the  Middle  Lias,  accompanied  by  a  total  change  in  the  fauna,  a 
break  in  the  stratigraphical  succession  existed  between  the  Lower 
and  Middle  Lias.  This  view  is  supported  by  the  fact  of  the  nume- 
rical decrease  of  species  in  passing  up  through  the  scYeral  stages 
of  the  Lower  Lias,  and  that  of  the  introduction  of  many  new  generic 
types  with  the  zone  of  Ammoniiea  Jameaani,     Many  new  species 

were  described. 

Discussion. — Prof.  Bojd  Dtwkiii«>lMid  attempted  to  test  these  Liassie  sones  as  a 
means  of  classification  of  the  rocks  in  Somersetsnire,  and  the  result  had  been  thai  he 
had  been  unable  to  accept  them  as  fixing  hard  and  fast  lines  of  demarcation  ;  for  he 
had  found  three  of  the  aistinctiTe  Ammonites  torether  in  one  bed.  On  oar  present 
shores  the  change  of  one  form  of  molluscan  life  for  another  seemed  to  take  fAaoe  in 
limited  areas,  and  to  be  dependent  on  some  slight  Tariation  of  physical  conditions 
rather  than  on  any  great  change.  He  had  not  been  able  to  trace  any  stratig^phical 
unconformity  between  the  Middle  and  Lower  Lias  in  many  parts  of  England,  what- 
ever might  be  the  case  in  Gloucestershire. 

Mr.  Tate,  in  reply,  gave  an  account  of  the  manner  in  which  he  had  arrived  at  hii 
conclusions,  and  expressed  his  assent  to  the  view  that  Ammonite-sones  were  only  of 
value  over  limited  areas,  but  considered  that  a  triple  division  in  the  Lower,  and  a 
dual  division  in  the  Middle  Lias  were  well  established  on  palsontological  and  litho- 
logical  features.  The  break  which  he  had  pointed  out  was  palaeontological  rather 
than  stratigraphical,  though  the  one  might  be  inferred  from  the  other. 

4.  "  Geological  Observations  on  the  Waipara  Eiver,  New  Zealand." 
By  T.  H.  Cockbum  Hood,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  general  features  of  the 
locality  from  which  he  has  obtained  bones  of  PlesiosauruSj  IchthyO' 
BaurttSf  and  Teleosaurua,  The  bones  were  not  obtained  tn  attu,  but 
from  large  boulders  and  blocks  scattered  in  the  ravines  of  the  Waipara 
and  its  tributaries. 

Discussion. — Prof.  Boyd  Dawkins  remarked  on  the  presence  of  Crocodilia  in  Kew 
Zealand  being  proved  by  the  procelian  vertebra. 

6.  R.  H.  Scott,  Esq..  F.G.S.,  communicated  an  extract  from  a  letter 
addressed  to  him  by  M.  Coumbary,  Director  of  the  Imperial  Obser- 
vatory of  Constantinople,  containing  an  account  received  from  M.  L. 
Carabello  of  the  reported  fall  of  a  large  meteorite,  near  Mourzouk,  in 
the  district  of  Fezzan,  in  lat.  26°  N.,  and  long.  12°  K  of  Paris.  It 
fell  on  the  evening  of  the  25th  December  last,  in  the  form  of  a  great 
globe  of  fire,  measuring  nearly  a  metre  in  diameter.  On  touching 
the  earth  it  threw,  oflf  strong  sparks,  with  a  noise  like  the  report  of  a 
pistol,  and  exhaled  a  peculiar  odour.  It  fell  near  a  group  of  Arabs, 
who  were  so  much  frightened  by  it  that  they  "  immediately  dis- 
charged their  guns  at  this  incomprehensible  monster." 

n.  April  13th,  1870.— Sir  P.  de  Malpas  Grey  Egerton,  Bart, 
M.P.,  F.K.S ,  Vice-President,  in  the  chair.  The  following  commu- 
nications were  read: — 1.  A  letter  from  Dr.  Grerard  Kreflfl,  dated 
Sydney,  29th  of  January,  1869,  accompanying  a  model  of  the  left 
lower  incisor  of  Thylacoleo  eamifex,  Owen,  and  the  original  frag- 
ment from  which  the  model  was  made.  Dr.  Erefift  also  referred  to 
the  fossil  remains  of  Herbivorous  Marsupials  in  the  Museum  at 
Sydney,  which  included,  according  to  him,  besides  a  great  number 
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of  Wombats  (PkaBeohimfi)^  many  wombat-like  Kangaroos  or  Walla- 
Mes  {Halmaiurua).  He  proposed  to  divide  the  Kangaroos  into  the 
fbUowing  gpx>aps : — 

1.  MacropuB,  dentition  as  in  Maeropua  major, 

2.  HalmcUunu,  with  the  premolar  permanent,  divided  into  two 
sob-gronps  :— 

a.  Tme  Wallabies,  with  the  premolars  long,  narrow,  and  com- 
pressed, and  the  rami  of  the  lower  jaw  but  slightly  anchy- 
losed. 

6.  Wombat-like  Wallabies,  with  the  premolars  compact, 
romided,  and  molar-like,  and  the  rami  of  the  lower  jaw 
firmly  anchylosed. 

ninstratiYe  sketches  and  photographs  accompanied  this  paper. 

DnouBSiON. — ^Prot  Owen  remarked  upon  the  importance  of  the  researches  made 
by  Dr.  Krefft  and  Prof.  Thomson.  No  traces  of  man  had  been  found.  The 
mimeroiis  remains  of  Mammals,  especially  the  HerbiTorous  species,  bad  doubtless 
beea  carried  into  the  caTes  by  Tk$fUe»leo. 

Prof.  Bosk  inquired  on  what  evidence  Prot  Owen  decided  that  the  tooth  oi 
TMmeolto  was  that  of  a  CamiTore. 

Prof.  Owen  indicated  the  remarkable  compression  of  the  tooth,  and  the  absence  of 
the  spatnlate  form  proper  to  the  Kangaroos,  as  characteristic  of  Thylacoleo,  and 
indieatiTe  of  camtTorous  habits. 

Mr.  W.  Boyd  Dawkins  stated  that  TkylacoUowaa  most  closely  allied  to  PlagiatiUuf^ 
which  was  probably  a  true  Uerbi?ore.  He  indicated  the  importance  of  the  question, 
as,  if  ThpfmeoUd  were  a  Carnivore,  Plagiaulax  would  be  one  also. 

Prof.  Owen  remarked  that  Plagiaulax  was  also  a  Carnivore.  The  premolars 
ratembled  the  small  tubercular  molars  of  the  Hysnas,  Felidss,  etc.  The  anterior 
tooth,  associated  with  the  small  tubercular  tooth,  was  compressed  and  sharp  pointed. 
The  low  condyle,  forming  part  of  the  angle  of  the  jaw,  was  such  as  occurs  in  Thyla^ 
cimut. 

Dr.  Duncan  remarked  that  it  is  by  no  means  necessary  that  all  CamiTorous 
Mammals  sh(»uld  be  formed  upon  the  same  type,  and  that  he  did  not  see  why  there 
should  not  be  a  carnivorous  form  of  the  Kangaroo  type. 

The  Chairman  said  that  the  settlement  of  these  questions  must  now  be  postponed 
UDlal  we  obtain  further  materials.  He  mentioned  the  discovery  by  Dr.  Krefft,  in  the 
interior  of  Australia,  of  a  species  of  fish  resembling  Lepiaosireny  and  possessing 
lingiilar  affinities  to  some  of  tne  Devonian  fish^. 

2.  "  On  the  Fossil  Eemains  of  Mammals  found  in  China."  By 
Prof.  Owen,  LL.D.,  F.R.S.,  F.G.S. 

The  specimens  of  teeth  described  by  the  author  were  obtained  by 
Robert  Swinhoe,  Esq..  late  H.  M.  Consul  at  Formosa,  chiefly  by 
purchase  in  the  apothecary's  shops  at  Shanghai.  They  included  two 
new  species  of  Stegodon  (named  S.  sinensis  and  S,  orientalis),  a  new 
Hycsna  {H,  sinensis),  a  new  Tapir  {Tapirus  sinensis),  a  new  Bhino- 
eeros  {B.  sinensis),  and  a  species  of  Kaup*s  genus  Chalicotherium 
(C  sinense).  The  author  remarked  that  the  whole  of  these  teeth 
presented  an  agreement  in  colour,  chemical  condition,  and  matrix, 
which  led  to  the  conclusion  that  all  belonged  to  the  same  period. 
Bot  for  the  presence  of  the  Chalicotherium,  they  would  have  been 
referred  either  to  the  Upper  Pliocene  or  the  Post  Pliocene  period. 
The  author  did  .not  consider  that  the  occurrence  of  one  Anoplothe- 
rioid  species  need  affect  the  determination  of  the  age  of  these  fossils, 
especially  as  Chalicoiherium  departs  in  some  respects  from  the  type 
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genus  Anoptoikeriwny  and  is  not  known  from  deposite  older  ihan  ihe 

Miocene. 

Discirsaioir. — Tke  dudnaan  ealled  attention  to  the  reoMBUble  wmomaAcnk  of 
forms  amone  the  fossik  described  by  Prof.  Owen. 

Prof.  Bosk  remarked  that  the  materials  at  command  seemed  to  liim  intnffieieBt  for 
the  establishment  of  new  species.  He  obeenred  that  the  distinetnre  eharaeters  of 
Si0ffodon  sinensii  appeared  to  be  very  slight,  and  that  the  Symtm  was  pfobiibly 
f.  apeUta.    The  tootn  of  Mkinoeeros  might  be  a  milk-moUr  of  B,  imnmirmmt. 

Mr.  Boyd  Dawkins  suggested  that,  as  the  specimens  were  obtained  fron  apothecft- 
ries,  there  was  no  evidence  of  the  contemporaneity  of  the  foesilt. 

Mr.  H.  Woodward  stated  that  Mr.  Swinhoe  had  himself  obtained  a  series  of  thsM 
fossils  from  a  care  many  miles  inland,  he  beheyed  on  the  eourae  of  tl^  Yang-tn- 
Idsjig.  Mr.  Woodward  als»  sailed  attention  to  Mr.  Hanbwy's  paper  om  Chinen 
Materia  Mediea,  in  which  many  fossil  teeth  of  mammalia  aro-  noticed. 

Prof.  Owen,  in  reply,  stated  that  great  quantities  of  the  fossils  hid  passed  throogh 
his  hands,  and  that  ne  had  selected  for  descrifrtion  those  which,  from  tiiueir  minnte 
agreement  in  chemical  and  other  characters,  might  justly  be  inferred  to  be  derired 
from  eaves  of  the  same  age. 

3.  "Further  disoovery  of  the  Fossil  Elephants  of  Malta."  By 
Dr.  A.  A.  Camana.     Communicated  by  Dr.  A.  Leith  Adams,  F.Q.dL 

The  author  described  a  new  locality  in  Malta  in  which  the  re- 
mains of  Elephants  had  been  found  recently — the  Is-Shantiin  fissure 
at  the  entrance  of  Micabbiba.  It  was  filled  with  a  compact  deposit 
of  red  earth,  containing  fragments  of  limestone,  many  teeth  and 
fragments  of  bones  of  Elephants,  associated  with  bones  of  lazge 
birds.  The  anther  found  three  small  shark's  teeth,  and  a  small 
tooth  which  he  regarded  as  belonging  to  Hippopotamus,  He  indi- 
cated the  nature  of  the  teeth  and  bones  of  Elephants  found  by  him 
in  the  newly  discovered  fissure.  The  whole  of  the  ^ve  localities  in 
which  ossiferous  fissures  have  been  discovered  are  in  the  same  part 
of  the  island ;  and  the  author  concluded,  with  some  remarks  upon  the 
geological  conditions  under  which  the  remains  of  mammalia  most 
have  been  accumulated,  and  upon  the  probability  that  a  connexion 
then  existed  between  Malta  and  Africa. 

In  a  note  appended  to  the  paper,  Dr.  A.  Leith  Adams  stated  that 
the  supposed  tooth  of  Hippopotamus  was  a  germ  true  molar  of  one 
of  the  pigmy  elephants,  and  that  the  shark's  teeth  have  probably 
been  derived  from  the  Miocene  deposits. 

Discussion. — Prof.  Busk  remarked  that  there  was  no  doubt  that  tiiree  species  of 
elephants  bad  lived  in  Malta. 

Capt  Spratt  said  that  it  appeared  to  him  that  the  chief  interest  of  the  communica- 
tion lay  in  the  greater  comparative  abundance  of  the  larger  species  of  elephant  in  the 
new  locality. 

KoBTH  Staffordshibe  Natubalists'  Field  Club. — ^At  a  meeting 
of  this  Club,  held  at  Leek,  on  the  24th  February,  Mr.  W.  Molynenx, 
F.G.S.,  read  a  paper  on  the  Rbsetic  Beds  of  Need  wood  Forest.  During 
an  examination  of  the  gravels  which  cover  the  high  grounds  on  the 
margin  of  the  Trent  valley,  west  of  Burton-on-Trent,  Mr.  Molyneox 
detected  pebbles  of  sandstone  and  limestone,  containing  numerous 
fossils,  which  at  first  he  could  not  identify.  These  were  determined 
by  Mr.  C.  Moore,  F.G.S.,  and  found  to  be  peculiarly  Rhtetic  in  their 
character.  Patches  of  Lias  are  laid  down  in  two  plaoes  on  the 
Geological  Survey  map, — at  Christchoroh-on-Needwood  and  at  Bagot'i 
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Fiork, — and  from  titeee  beds  fhe  aathor  considered  that  liis  RhaBtic 
pebbles  were  derived.  Hiej  have  been  briefly  noticed  by  Mr.  H. 
H.  Howell  and  the  late  Professor  Jukes.  Mr.  Molyneux  famishes 
some  notes  on  his  examination  of  the  beds  tn  itte.  The  basement 
bed  of  the  Bhaetio  deposits  of  Needwood  consists  of  a  white  earthy 
limestone,  from  two  to  four  inches  in  thickness,  and  containing  ik 
times  solphate  of  strontian.  The  junction  of  this  bed  with  the 
Keeper  marls  may  be  seen  in  the  marl  quarries  of  Marchington  Cliff 
on  the  6ast»  and  at  several  points  on  the  west  of  Bagot*s  Park ;  also 
at  the  bottoms  of  the  hills  near  Eingstanding  and  Horecross.  It 
generally  oooors  nearly  horizontally,  as,  in  fact,  do  all  the  succeeding 
beds  of  the  series.  Tlie  best  open  section  to  be  studied  is  at  Butter- 
wich  Hill.  The  Christohuroh  section  of  Brakenhorst  Hill  is  of  an 
exceedingly  interesting  character.  These  sections  show  the  first 
fossiliferous  zone  to  consist  of  yellow  sandstone,  full  of  Axinua 
doacinus.  In  the  shales  of  the  Brakenhurst  Hill  section  Mr.  Moly- 
neux found  oasts  of  Aviada  (?),  and  he  has  strong  hopes  of  being 
able  hereafter  to  add  many  forms  to  the  list  of  its  Rhetic  fauna.  It 
10  carioas  that  in  none  of  these  beds  did  the  author  meet  with  either 
limestones  or  sandstones  of  the  same  lithological  composition  as  the 
pebbles  found  in  the  gravel,  and  he  therefore  infers  that  the  beds  to 
which  they  belonged  have  been  carried  away  by  denudation,  and 
scattered  in  detached  fragments  far  over  the  hill-tops  to  the  east 
The  maximum  thickness  of  these  remaining  Ehadtic  beds  he  estimates 
at  160  feet.— The  BurUm  Weekly  News,  18th  March,  1870. 
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THE  RAILWAY-CXrmNG  AT  UPHILL,  WESTON-SUPER-MARE. 

Sir, — The  section  in  the  railway  cutting  near  Uphill,  to  which 
Mr.  Mackintosh  directs  attention  in  the  last  number  of  the  GkoloqicaIi 
Maoazins,  has  been  noticed  by  many  geologists. 

The  Lower  Lias  is  shown  resting  abruptly  against,  and  indeed 
dipping  under  the  Carboniferous  Limestone.  This  arrangement  can 
in  no  way  be  referred  to  a  buried  sea-clifif ;  the  Lias  Limestones  and 
Clays  of  the  ordinary  character  are  cut  off  sharply,  and  present  none 
of  the  conglomeratic  or  shallow-water  appearances  that  are  usual  at 
the  margin  of  this  deposit  when  reposing  on  the  older  rocks. 

A  fault  is  the  only  explanation  of  the  phenomenon ;  indeed,  no 
other  suggested  itself  to  my  colleague,  Mr.  W.  A.  E.  Ussher,  or  to 
myself,  when  we  together  visited  the  locality  last  summer.  The 
hade  of  the  fault,  which  is  south,  towards  the  Carboniferous  Lime- 
stone, gives  it  the  appearance  of  a  ''  reversed  **  fault ;  but  whether 
this  is  the  real  direction  of  the  fault  or  merely  a  local  irregularity  in 
the  hade  of  an  ordinary  fault,  it  is  impossible  to  say.  The  upthrow 
of  Carboniferous  Limestone  must  have  amounted  to  about  100  feet. 

Other  faults  of  little  magnitude  affect  the  beds  to  the  noiih,  where 
the  BhsBtic  and  New  Bed  Marls  appear  in  the  cutting.  The  fault  is, 
indeed,  represented  on  the  Qeological  Survey  map,  sheet  20,  and  i 
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has  long  ago  been  pointed  out  by  Mr.  William  Sanders,  Dr.  Wright, 
and  others.  Hosaox  B.  Woodward. 

8,  Oanonbust  Lanb,  N.,  4M  ApriL 

P.S. — Mr.  Bristow,  F.B-S.,  informs  me  that  he  has  seen  no  reason 
to  form  any  other  opinion  than  the  ordinarily  accepted  one,  of  a  fault 
in  this  raUway  cutting,  on  the  occasion  of  visits  paid  to  it  in  1867 
and  1868.  

IGNEOUS  ROCKS  OF  CARBONIFEaOUS  AGE  IN  IRELAND. 
Sm, — In  the  article  ''  On  the  Basaltic  Bocks  of  the  Midland  Coal- 
fields," by  Mr.  Samuel  AUport,  F.6.S.,  which  appeared  in  your  last 
number  (p.  159),  the  author  refers  to  the  Scottish  igneous  rocks  of 
Carboniferous  age,  but  quite  ignores  those  of  the  same  period  in 
Ireland,  although  descriptions  of  the  latter  were  published  long 
before  those  of  Scotland.  O.  H.  Kinahak. 

FOSSIL  INSECTS  IN  THE  BOURNEMOUTH  LEAF-BED. 
Sir, — The  Eev.  P.  B.  Brodie,  in  the  March  number  of  the  Oeolo- 
GiOAL  Magazine,  p.  141,  directs  the  attention  of  the  explorers  of 
the  Leaf- beds  in  the  Lower  Bagshot  Series  of  Hants  and  Dorset,  to 
the  desirability  of  looking  out  for  Insect-remains;  particularly  at 
Bournemouth.  Mr.  Brodie  may  be  glad  to  learn  that  Mr.  Wanklyn 
has  already  recorded  the  discovery  of  Insect-remains  at  Bourne- 
mouth, in  the  Annals  and  Mag.  Nat  Hist,  for  January,  1869,  4& 
serieSi  vol.  iii.  No.  13,  p.  10.  The  specimen  has  been  placed  by 
the  discoverer  in  the  hands  of  Mr.  W.  S.  Dallas,  F.L.S.,  the 
Assistant  Secretary  of  the  Geological  Society  of  London,  who  has 
kindly  undertaken  to  examine  and  describe  it — J.  F.  Walksb. 


k 
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The  Gigantio  Oolitic  Lizabd  {CetioaaurM). — We  called  attention  to 
the  discovery  of  the  thigh-bone  of  this  great  Lizard  (Geological 
Magazine  for  July,  1869,  p.  336,  Vol.  VI.)  in  a  quarry  at  Enslov 
Bridge,  near  Oxford.  Prof.  Phillips  now  announces^  the  discovery  of 
further  remains  of  Cetiosaurus.  "The  space  of  ground  in  which  the 
bones  are  found  (writes  Prof.  Phillips)  is  apparently  quite  limited. 
One  may  think  the  whole  body  of  the  vast  old  lizard,  in  the  extremity 
of  age,  was  here  laid  to  uneasy  rest ;  the  parts  separated  by  decay  ;  the 
massive  limbs  disjointed,  and  the  bones  displaced.  Imagine  a  surface  of 
the  ossiferous  clay  which  covers  the  Oolite  laid  bare  by  the  workmen. 
Look  southward :  before  you  are  four  bones  laid  rudely  parallel,  in  a 
row,  at  intervals  of  1,  2,  or  3  feet.  They  are  64,  54,  45,  and  37  inchei 
long ;  10  inches  the  least  breadth  in  the  narrowest  part ;  26  inches  the 
cnreatest  breadth  in  the  widest  part.  These  are  bones  of  Cetiaaaurui. 
Over  them  and  in  front  of  them,  three  days  since,  lay  as  many  others,  M 
large  and  as  quietly  reposing  in  their  '*  longseval "  graves ;  behind 
them,  possibly,  are  still  more  bones,  to  be  discovered  at  some  futme 
time.  Bones  of  a  much  mightier  area — probably  hue^st  of  all  huge 
ilia — extended  far  and  wide;  vertebra)  8,  9,  and  11  inches  in  diameter; 
monstrous  ribs,  of  which  the  parts  traceable  and  inferred  are  59  inches 
long ;  all  this  within  the  compass  of  a  few  square  yards.  It  seems  Ifln 
the  burial-place  of  the  great  father  of  lizards,  each  of  whose  bonei 
demanded — but  only  some  could  obtain — a  separate  grave." 

>  Athmmm^  No.  2214,  April  2iid. 
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Ts  DxKP  Mining,  and  the  Mineral-bkabino  Strata  or  the 

South-west  of  IbslandJ 

By  Saxuxl  Htdb,  Eaq. 

JEEtP  mining  has  long  been  a  problem  in  the  southern  part  of 
'  Ireland,  and  it  is  the  objeot  of  this  paper  to  endeavour  to 
vw  that  up  to  the  present  time  few  attempts  have  been  made 
ja  a  large  soale,  or  aocording  to  any  well  developed  and 
»rmined  scheme  to  prosecute  the  research  for  minerals  at  depths 
lalling  those  in  Cornwall  and  DevoiL  Why  this  region,  and 
»up  of  rocks  should  have  remained  so  long  unexplored,  possessing 
it  does  such  proof  of  valuable  metalliferous  veins,  can  only  be 
ionnted  for  through  the  want  of  confidence  and  fixed  determi- 
aon  to  prosecute  to  great  yet  practicable  depths,  those  indications 
rmally  exhibited  at  the  surface. 

Hie  south  of  Ireland,  from  Dungarvan  and  Youghal  Harbours,  on 
i  east,  to  Cork,  Dunmanway,  and  on  to  Dursey  Head,  west  of 
ntry  Bay,  on  the  west,  is  so  important  an  area,  in  an  economical 
nt  of  view,  that  it  deserves  the  attention  of  all  who  are  interested 
the  wealth  and  prosperity  of  the  southern  parts  of  the  Counties 
Cork  and  Kerry,  and  of  Lreland  generally. 

rhe  country  between  Cork  Harbour  and  Dunmanus  Bay  is  almost 
irely  composed  of  the  group  of  rocks  termed  Upper  Devonian, 
I  Carboniferous  slate,  and  more  or  less  these  rocks  occupy 
iches  of  country  on  to  the  Eenmare  river  on  the  west.  The 
oalled  Carboniferous  slate  divides  into  a  north  and  south 
ige ;  the  northern  spur  stretches  into  and  occupies  the  north  and 
m  sides  of  Dunmanus  Bay,  its  southern  branch  terminating  at 
shbeg,  near  Skibbereen,  forming  the  east  headland  of  Hearing- 
ker  Bay.  The  point  of  bifurcation  is  at  Carraghalicky  lake.  Thus 
whole  of  the  promontory  from  this  point  to  Crook  Haven  and 
Ben  head  is  composed  of  the  deeper  seated  Devonian  slates,  etc. 
iks  equivalent  in  time,  or  of  the  same  age  and  character  as  the 

1  Bead  before  the  Geological  Society  of  London,  Febmaiy  28rd,  1870. 
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well-known  Killas  of  Cornwall.  It  is  ibis  strip  of  oonntiy,  with 
its  central  ridge  rising  to  1,140  feet,  (at  Mount  Gabriel  1,339),  that 
chiefly  claims  our  attention,  as  being  perhaps  one  of  the  most 
important  copper-bearing  districts  of  the  south  of  Ireland.  Broad 
transverse  valleys  cut  this  ridge  in  two  or  three  places,  the  chief 
and  most  important  one  being  at  Ballydehob,  which  gives  rise  to 
the  waters  which  pass  into  Boaringwater  Bay ;  others  to  the  north 
and  east,  giving  rise  to  the  river  Uen,  need  not  be  mentioned ;  neither 
need  we  notice  the  parallel  ridge  to  the  north  of  the  Mizeti  and 
Ballydehob  range,  and  which  separates  Dunmanus  Bay  from 
Bantry  Bay,  although  physically  it  is  of  high  importance  to  the 
question  at  issue.  This  narrow  ridge  and  promontory  attains  an 
elevation  of  1,130  feet,  several  other  points  rising  to  1,000  feet 

The  strike  of  these  two  parallel  ridges  and  the  three  parallel 
prolongations  of  the  Carboniferous  slate  is  about  25^  north-east  and 
south-west  or  east,  25°  north  and  west,  25°  south. 

From  Ballycummisk  and  Skull  Harbour  to  Toormore  Bay,  and  on 
to  the  Mizen  Head,  a  smaller  ridge  of  land  runs  parallel  to  the  main 
axis,  and  it  is  in  the  east  part  of  this  range  that  the  mines  of  Bally- 
cummisk and  Cooshcen  are  situated. 

The  Devonian  (Killas)  or  Old  Bed  Sandstone,  is  without  donVt 
the  oldest  formation  throughout  the  south-west  of  Ireland,  and, 
according  to  the  maps  of  the  Qeological  Survey  of  Ireland,  and 
the  Memoii-s  accompanying  them,  written  by  Uie  officers  c^  the 
Survey,  it  is  divided  into  two  groups  (1)  the  "Old  Bed  Sandstone'* 
at  the  base^  succeeded  by  (2)  <'  the  Upper  Old  Bed  Sandstone  "  (or 
Upper  and  Lower  Old  Bed),  the  latter  is  about  800  feet  thick,  and 
near  its  lower  boundary,  according  to  the  Greological  Survey,  ocean 
the  "  Copper  Zone,"  *  and  which  would  appear  to  "prevail  through- 
out the  whole  of  the  south-west  of  Ireland." 

The  long  peninsula  of  Glenarought  and  Slieve-Miskish,  between 
3antry  Bay  and  Kenmare  river,  the  axis  of  which  is  composed  of 
Devonian  liocks,  flanked  by  the  Coomhola  beds,  contains  the  copper 
mines  of  Bearhaven  or  AUihies.  These  very  productive  mines  are 
situated  on  low  land,  at  the  foot  of  the  elevated  Slieve-MiskiBh, 
which  abruptly  rises  1,240  feet  above  the  western  ocean.  Hie 
western  slope  of  this  lofty  and  broken  peninsula,  and  in  which  are 
situated  the  Bearhaven  mines,  is  composed  of  highly  cleaved  slaly 
rocks  or  "  Killas,"  interstratifled  with  massive  indurated  and  fine- 
grained sandy  beds,  also  highly  cleaved;  the  planes  of  cleavage  being 
north  and  nc€u:ly  vertical,  and  striking  north  33^-35^;  many  varieties 
of  the  Killas,  or  clay  slate  occur,  being  grey,  blue-grey,  and  buff  in 
colour,  the  latter  being  most  noted  for  the  presence  of  copper. 

The  earliest  known  working  in  this  Ballydonegan  and  Becurhaveo 
area  was  commenced  about  thirty  years  since  in  an  east  and  weit 
vein  or  lode  of  quartz  and  copper  pyrites,  which  was  exposed  in  tbi 
olifiiB  north  of  Ballydonegan  bay,  termed  the  Allihies  old  lode,  and 
which  appears  to  have  been  worked  some  50  or  60  fathoms  deep.    A 

1  Mem.  Geol.  Surrey.    SxplanatioM  •£  iheeU  200-2-3-4-5,  etc.,  Cousty  CoriL 
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)  of  greenstone  (Biorite)  runs  north  and  south  in  the  oliff  to  the 

of  this  vein,  and  at  right  angles  to  the  oourse  of  the  lode. 
ther  extensive  mining  operations  suooeeded  and  have  been  con- 
id  down  to  the  present  date  under  the  name  of  the  *'  Bearhaven 
Wy'*  and  with  varying  results,  and  on  the  '*  mountain  and 
mehee  lodes"  levels  have  been  driven  deep.  The  Camincbes 
strikes  north-north-west,  with  an  underlie  to  the  south-east ;  a 
i-oourse  seems  to  have  cut  off  this  lode  along  its  strike  to  the 
b.  In  1860  more  than  1,000  hands  were  employed  in  the 
baven  and  Allihies  mines. 

will  be  seen  then  jhat  the  mineral  bearing  rocks  of  the  south- 
.  of  Ireland  ooour  near  or  towards  the  upper  part  of  the  lower 
don  of  the  Old  Bed  Sandstone,  or  base  of  the  Upper  Old  Bed. 
latones  or  calcareous  bands  ooour  throughout  the  whole  series,  and 
9,  when  impregnated  with,  or  containing  copper,  are  locally  called 
flBen  lodes."  It  is  believed  that  the  Uiickness  of  the  Old  Bed 
Istone  is  between  2,000  and  3,000  feet,  although  the  base 
here  appears  to  be  exposed  in  this  area;  the  upper  800  feet, 
rding  to  the  Geologic^d  Survey  of  Ireland,  being  called  the 
er  Old  Bed  Sandstone.^ 

series  of  anticlinal  and  synclinal  curves  occur  in  this  region, 
diief  of  which  is  that  which  traverses  Ballydebob,  Skull,  Toor- 
d  Bay,  and  Orookhaven,  &o.  The  axes  of  the  Ballydebob 
idinal  strikes  east  25^  north,  with  a  general  dip  to  the  north- 
i  of  about  50°,  and  to  the  south-east  45^,  and  it  is  along  this 

the  highest  land  occurs,  beinff  mainly  composed  of  slates  and 
ty  beds  of  the  upper  part  of  the  lower  Old  Bed  Sandstone.  South 
his,  between  Cappagh  Lodge  and  Skull  Harbour,  and  close  to 
ibrin  Cove,  are  situated  the  extensive  and  deep  copper  mines  of 
ycommisk,  and  on  the  east  side  of  Skull  Harbour  occurs  Coos- 
L  mine,  the  geological  position  and  mineral  conditions  of  which 
I  the  subject  of  this  communication. 

he  object  of  this  notice  is  to  bring  before  this  Society  and  men 
oience  the  main  features  of,  and  hi^h  importance  attached  to, 
solution  of  the  problem  of  deep  and  continuous  mining  opera- 
i  throughout  the  south  and  south-west  of  Ireland,  and  to 
savour  to  parallel  the  mineral  conditions  of  the  south  of  Ireland 
I  those  of  Cornwall,  although  it  is  well  known  that  the  granitic 

QfOnsr  igneous  rocks  of  the  Cornish  Promontory  have  not 
I  determined  south  of  Carlow  and  Waterford  ;  except  near 
igarton,  immediately  south  of  Killamey,  where  the  felspathio 
aisfeones  constitute  very  insignificant  features  in  the  physical 
otore  of  the  country. 

Fe  cannot  bat  regard  the  south  of  Ireland  as  a  continuous  and 
pal  portion  of  the  south-west  of  England,  and  south  Wales,  the 
ationB  in  rock  masses  being  such  as  are  due  either  to  local 
litions  and  causes  at  the  time  of  deposition ;  or,  probably  still 

ffML  Ged.  Smrej.  Ezplaaation  to  accompany  sheets  200-3-4-5  of  maps  of  the 
if^eal  Surrej  of  lrslind|  County  Cork. 


244    S.  Hyde — Deep-mmng  in  the  South-west  of  Ireland. 

more,  to  metamorphic  action,  of  the  nature  of  which,  at  present,  we 
know  but  little.  But  that  the  Lower,  Middle,  and  Upper  Devonian 
series  of  North  Devon,  and  the  corresponding  groups  of  Cornwall 
and  South  Devon  (under  the  name  of  Killas)  are  of  the  same  age 
cannot  be  doubted.  The  relation  of  petrological  or  lithological  cona- 
tions of  the  Devonian  rocks  of  North  Devon,  with  those  of  the  South 
and  South-western  area  of  Ireland,  is  remarkable  and  almost  com- 
plete. Equally  so  with  the  Devonian  slates  (Killas)  and  mts  of 
north  Cornwall,  from  Tintagel  to  Padstow,  and  the  great  Middle 
group,  which  occupies  the  country  from  Trevose  Head  to  near  St 
Agnes  Head ;  as  well  as  the  lower  and  great  copper-bearing  Killas 
of  the  South  of  Cornwall,  from  Truro  to  Mounts  Bay.  These  groups 
of  slaty  and  gritty  rocks  of  the  Devonian  series  in  England  are 
represented  in  Ireland.  There  are,  nevertheless,  local  differences  of 
high  importance,  doubtless  due  to  the  greatly  developed  intrusive 
masses  of  granite  and  greenstone,  as  well  as  the  innumerable  elvans 
which  traverse  the  slaty  rocks  of  Cornwall,  and  which  have  doubtless 
aided  in  the  mineralization  of  the  Cornish  killas,  imparting  to  it 
a  character  peculiar  to  itself.  All  lithological  conditions,  mineral 
evidence,  and  mining  experience,  tend  to  confirm  the  belief  that  the 
now  two  widely-separated  metalliferous  areas  were  once  one  conti- 
nuous series.  The  English  type  having  suffered  the  extremes  d 
metamorphism,  through  deeply-seated  igneous  influence,  and  from 
other  unknown  causes,  is  more  highly  (so  far  as  hitherto  known) 
productive  of  mineral  wealth. 

It  is  not  a  little  singular  that  Ballycummisk  appears  to  be  the 
only  mine  in  which  the  copper  lodes  of  the  district  have  been  deeply 
and  fully  developed,  or  where  determined  energy  has  been  put 
forth  to  grapple  with  the  difficulties  of  deep  mining.  No  less 
than  eight  lodes  have  been  ascertained  to  occur,  and  have  been 
proved  by  the  deep  adit  level  driven  from  the  sea  at  Eossbrin  cove, 
the  whole  hade,  dip,  or  underlay  south  86°,  or  about  1  in  12.  Four 
of  these  lodes  are  well  defined,  and  are  worked  at  Ballycummisk,  viz. : 

Pope's  Lode ; 

The  Lady's  Vein ; 

Big  Vein — the  old  Baryta  Vein ;  and 

North  Lode. 

Each  lode  is  characterized  by  particular  features,  the  copper  being 
gray,  pui-ple,  or  yellow  in  one,  yellow  in  another,  micaceous  iron, 
quartz,  baryta,  and  yellow  copper  in  the  third,  and  carbonate  of 
lime,  peach,  purple,  copper  ore,  etc.,  etc.,  in  the  fourth.  The  re- 
maining lodes  in  the  sett  are  as  yet  unexplored.  All  the  lodes  an 
parallel,  and  run  east  and  west,  deviating  about  32^  north  of  east 
and  south  of  west. 

A  well  defined  elvan  course  traverses  the  sett  nearly  east  and 
west,  and  nearly  parallel  to  the  No.  1  lode.  To  the  north,  and 
bearing  north-oast  and  south-west,  occurs  the  large  fault  or  flucan 
course,  which  deviates  about  17^  from  the  strike  or  bearing  of  the 
lodes,  and  crosses  all  the  veins  except  No.  1.    This  flucan,  like  the 
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bdes,  underlajB  sonth,  and  materially  influenoes  the  production  iA 
mineral  at  iU  junction  with  the  lodes. 

The  district  around  Ballycummisk  and  the  mine  itself  may  be 
said  to  be  the  only  place  where  a  thorough  investigation  has  been 
made  so  as  to  determine  the  nature  Qf  the  rocks,  and  the  quantity 
and  nature  of  the  copper  ores ;  and  the  prosecution  of  this  question 
to  its  utmost  will  doubtless  materially  alter  the  general  belief 
that  mdneralt  of  value  are  iu>t  to  be  worked  at  great  depths  in 
tha  south  of  Ireland.  This  belief  has  been,  and  is  now,  held  by 
many,  and  the  Memoirs  of  the  G^logical  Survey,  and  especially  the 
peculiar  views  of  the  late  Professor  Jukes,  have  tended  stron^y  to 
mislead  and  deter  either  landowners  or  those  possessing  local  interest 
from  investigation. 

In  the  Memoirs  of  the  Oeological  Survey,  explanation  to  sheets 
200-3-4-5  etc.,  p.  27,  in  a  "  note  on  the  mines  of  the  south-west  of 
Cork,"  Professor  Jukes,  in  mentioning  the  examination  made  by  th« 
Survey  over  that  district  during  the  years  1853-6  (fifteen  to  seven- 
teen years  since,)  is  under  the  impression  that  the  ores  of  copper 
were  deposited  mechanically,  so  that  "  all  the  grits  and  slates  were, 
or  are,  here  and  there  impr^nated  with  copper  ore,  over  all  tha 
district  stretching  from  Waterford  through  Cork  into  Kerry."  "  Thii 
copper  deposit  was,  like  most  materials  deposited  from  water,  not  a 
continuous  sheet,  but  occurring  in  patches  in  different  beds  of  grit 
or  slate  through  a  thickness  of  300  or  400  feet  over  all  that  area ; 
'  the  copper  ore  was  distributed  here  and  there  among  these  beds  as 
a  copper  sand,  or  copper  mud,  mixed  with  the  siliceous  and  argillace- 
ous sands  and  days.'"  Professor  Jukes  proceeded  to  state  that 
"  eventually  these  beds  were  greatly  indurated — greatly  disturbed 
and  tilted  up  into  highly  inclined,  often  vertical  or  even  inverted 
positions,  and  bent  into  numerous  folds." 

These  remarks  apply  to  the  deposition  of  the  beds  of  grit  and  slate 
that  occur  somewhat  near  the  top  of  the  lower  division  of  the  Old 
Red  Sandstone ;  the  lower  portion  of  the  yellow  or  upper  Old  Red 
Sandstone  of  the  south-west  of  Ireland,  the  ''  Cbpper  Zone"  of  the 
Greological  Survey.  Whatever  may  have  been  the  particular  mode  of 
original  deposition,  whether  derived  and  deposited  under  aqueous 
conditions  or  influence,  so  as  to  have  impregnated  the  then  mud  and 
sands,  Ac,  but  now  slates  and  grit  rock,  with  copper,  it  in  no  way 
agrees  with  the  concluding  deductions  drawn  by  Professor  Jukes. 

Professor  Jukes  states  his  belief  that  the  disturbances  which 
followed  ''  must  have  been  accompanied  by  many  fractures,  causing 
fissures,  some  of  which  would  remain  more  or  less  open  below  in 
difieient  parts  of  their  course."  He  then  goes  on  to  say  that  ''some 
action  subsequently  determined  the  segregation  of  some  of  the  copper 
ore  out  of  the  beds  into  some  of  these  hollow  fissures,  by  some  process, 
of  the  exact  nature  of  which  we  are  ignorant,  and  thus  new  '  mineral 
veins'  or  true  lodes  were  formed  here  and  there  about  the  country." 

Now  the  great  object  of  this  communication  is  to  show  that,  what- 
ever theories  or  hypotheses  may  be  advanced  to  account  for  the  origin 
of  the  ores  or  conditions  of  some  lodes,  there  is  evidence  to  show  and 


S48    8.  Byde-^Deep-mininff  in  the  South-meat  of  Ireland. 

proYe  diat  down  to  the  depth  of  1,200  feet,  or  200  fathoms,  copper 
ores  of  high  value  and  rich  percentage  are  being  extracted,  and  that 
from  lodes  as  well  defined,  characteristic  and  t^'pical,  as  any  occurring 
in  rooks  of  the  same  age  and  character  in  Cornwall ;  and  it  is  con- 
fidently believed  that  over  the  peninsulas  of  Skull,  Kilcrohane,  and 
Eilnamanagh,  &c.,  west  of  Bearing  Water  Bay,  most  extensive  and 
deep  copper  mines  will  yet  be  successfully  developed ;  and  all  analogy 
with  other  localities  and  physical  conditions  of  the  district  point  nn- 
Biistakably  to  this,  if  prosecuted  upon  scientific  principles  with 
eneigy  and  determination. 

At  the  time  Professor  Jukes  wrote  (18G1?)  he  states  that  ''witii 
tSie  exception  of  the  Allihies  (Bearhaven)  mines,  none  of  the  lodes 
(whether  true  or  false)  of  the  south-west  part  of  the  County  Cork  have 
yet  been  proved  to  have  a  sufficient  quantity  of  ore  in  any  one  locality 
to  make  a  ri<^  mine."  Whatever  may  have  been  the  author's  opinion 
and  views  in  the  year  1861,  derived  from  an  examination  of  the 
eounty  in  t^e  years  1853-6,  it  is  now  incontestably  shown  and  proved 
that  Ballycummisk  and  the  Bearbaven  mines,  etc.,  have  fully  estab- 
lished the  fact  that  profitable  deep-mining  in  south-west  Ireland 
is  no  longer  a  matter  of  doubt.  The  Allihies  mine'  is  220  fathoms 
ST  1320  feet  deep,  and  Ballycummisk  200  fathoms  or  1,200  feet 
deep,  both  making  large  returns  of  ore ;  the  198-fathom  level  at' 
the  latter  mine  being  now  extremely  rich  in  yellow  and  peacock 
copper  ore,  and  the  enclosing  matrix  cannot  be  distinguished  ftom 
the  killas  of  Cornwall  and  Devon.^ 

Again,  it  may  be  mentioned,  that  ores  of  many  other  economic 
minerals  have  been  worked  in  this  area,  giving  oonclusivo  grounds 
for  well-assured  hope  that  through  vigwous  research  much  is  yet  to 
be  done  in  the  south  of  Ireland ;  and  it  by  no  means  follows  that 
if  in  some  Irish  localities  the  ores  of  copper,  lead,  or  iron  appear 
abnormal  in  condition,  as  compared  with  other  localities,  that  there 
are  not,  nevertheless,  characteristic  and  normal  lodes  (now  w^l 
determined)  along  given  and  clearly  understood  lines  of  country. 

It  is  well  known  that  the  ores  of  copper  in  the  south  of  Ireland 
frequently  occur  in  beds  strongly  impregnating  the  killas,  &c.,  in 
which  they  appear,  in  some  oases  as  grey  copper ;  but,  under  meteoric 
metamorphoses  when  near  the  surface,  become  converted  into  mala- 
chite or  green  carbonate,  or,  under  other  changes,  into  the  blue  variety 
— blue  carbonate  (Azurite) — but  their  chief  value  is  under  the  fomr 
of  the  yellow  and  peacock  copper  pyrites,  as  occurring  in  well-defined 
and  regular  lodes  and  veins.  Not  only  is  the  nhetMi/erous  system  of 
veins  well  developed  in  the  south-west  of  Ireland,  but  also  the  quarts 

^  It  may  be  mentioned  that  the -BO-called  No.  2  Big-ben,  at  the  196-faihom  level, 
if  about  15  foet  in  width,  and  is  extremely  rich  in  the  ores  of  copper  at  this  depth ; 
the  Bpecimens  exhibited  an  the  table  were  rsoently  taken  from  that  level,  and  there  k 
nothing  in  the  aspect  of  the  lode,  either  in  its  course  or  depth,  to  show  diminutio&  of 
produce  or  jrield.  It.may  not  be  out  of  place  here  to  state  also  that  the  Bearharen  nunei 
are  said  to  hare  returned  upwards  of  £2,000,000  sterling  since  commencing  bperations; 
Barivoiimmisk,  aituated  in  •tbenrea  under  deaoription,  £50^000;  and  Coeaheen  £22,000, 
tlia  lauar  .^Qoii'openitioas  -abonr  o  iUt  adit. 
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and  lime  veins,  thus  evidencing  conditions  similar  to  those  of  other 
mining  areas  where  faults  and  fissures,  etc.,  oocur,  and  have  been 
filled  in  subsequently  to  their  occurrence.  In  tlie  south  of  Ireland, 
as  elsewhere,  the  oblique  running  veins  (with  relation  to  the  strike 
of  the  strata  or  beds)  usually  make  ore  or  are  mineralized.  Again, 
oontra  lodes  or  fissures  which  occur  in  the  cupriferous  grits  or  slates 
(kiUas),  and  which  themselves  contain  much  disseminated  c(^per 
(especially  the  green  carbonate),  usually  contain  good  ore,  or  be<^ 
come  good  lodes.  This,  under  the  influence  of  time,  s^regation, 
and  other  agencies,  we  should  expect,  and  it  is  one  of  the  main 
features  to  be  sought  for  in  the  copper-bearing  region  of  the  south- 
west of  Inland ;  especially  if  the  veins  dip  at  a  greater  angle  than 
the  beds,  though  running  with  the  strike ;  and  it  is  found,  in  either 
case,  in  tbe  south  of  Ireland,  that  the  lodes  or  veins  take  up  ore 
from  the  beds  through  which  or  across  which  they  or  the  fissures 
pass.  They  may  be  very  productive  or  the  reverse,  trial  only  solving 
the  question ;  and  so  long  as  the  sides  or  walls  of  the  fault  or  vein 
are  not  permanently  squeezed  together,  there  is  room  for  belief  thafc 
at  different  levels  or  depths  the  veins  will  vary  in  width  and  richness, 
as  in  other  districts. 

We  must  doubtless  guard  against  confounding  the  so-called  elvans 
of  the  south-west  of  Ireland  with  those   of   Cornwall  and  other 
k>calities — the  term  being  used  in  a  vague  and  uncertain  sense  in  the 
former  locality — whereas   the  elvans  of  Cornwall,    which   are   of 
undoubtedly  igneous  origin,  and  associated  with  the  felspathic  and 
porphyritic  rocks,  occur  as  true  dykes,  traversing  the  killas  in  many 
directions  and  apparently  almost  without  law.     Certain  light  green 
coarse  sandstone,  or  grit  bands,  occurring  with  and  differing  from  the 
associated  killas,  are  termed  elvan  in  the  south-west  of  Ireland,  and 
are  regarded  by  the  miners  as  being  favourable  for  the  production 
and  goodness  of  copper,  especially  if  associated  with  the   paler- 
oolonred  greenish  slates.     We  may  draw  another  parallel  with  the 
true  mining  area  of  Cornwall,  so  far  as  concerns  the  law  of  the 
relation  of  the  elvan  courses  to  the  lodes,  or  veins  of  copper  in 
the  south  of  Ireland.      In  Cornwall   the   same   coincidences  are 
observed  between  the  lodes  of  copper  and  elvan,  for  in  both  areas 
they  usually  run  nearly  parallel  to  each  other,  or  deviate  only  by 
some   small  angle.     This  is   notably   the   case   at   Bally cummisk, 
the   ehcM   (whatever    be  its    nature,   though    doubtful   if    a    true 
elvan)  running  parallel  to  load  No.  I  through  the  entire  sett,  but 
(»08sing  it  to  the  east     We  cannot,  however,  insist  upon  too  close  a 
parallel   on  this  point  between  the   peninsula  of  the  two  islands^ 
arising  from  the  fact  that  in  the  south-west  of  Ireland  there  are  no 
known  masses  of  granitic   or    igneous  rocks   associated   with   \he 
slates  and  grits,  and  which,  in  the  mineral  districts  of  Cornwall. 
have  played  so  important  a  part  in  the  impregnation  of  metalii- 
ferooB  veins,  etc.     Again,  we  have  not  any  tine  standard  or  evidence 
to  «how  the  cause  or  the  period  when  the  Devonian  rocks  of  the 
aonth-westfOf  Ireland  became  contorted  and  broken,  there  being  no 
overlying  or  newer  rocks  to  give  date,  and  no  known  deeper  ^i^a^mI 
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igneous  rocks,  through  whose  agency  the  mass  of  killas  may  haT« 
been  influenced,  metamorphosed,  and  mineralized. 

We  cannot  agree  with  Professor  Jukes  {loe.  dL  p.  28),  who 
believes  that  the  '*  wide  diffusion  of  copper  ore  in  email  quantities 
over  so  large  an  area  is  against  rather  than  in  favour  of  the  pro- 
bability of  rich  mines  being  found."  This  really  has  no  bearing 
upon  the  question  of  "  lode  or  vein"  deposits  and  deep  mining, 
to  be  clearly  distinguished  from  that  of  copper  oocurring  in  beds 
of  sandstone  or  shale,  mechanically  distributed  througb  their 
mass.  We  believe  these  mechanically  deposited  or  amorphously 
distributed  cupriferous  masses  in  the  beds  of  killas  and  sandstone, 
to  be  the  source,  through  time  and  segregation,  of  the  rich  copper 
ore  in  the  lodes  and  veins  now  traversing  the  highly  inclined  and 
oontorted  beds  in  which  they  occur — whether,  as  Professor  Jukee 
supposes,  the  copper  was  derived  from  the  **  waste  and  destruction  of 
some  original  mineral  vein  district,"  and  does  not  form  here  an 
original  mineral  vein  district  itself,  is  a  question  which  presupposes 
the  existence  of  older  metalliferous  rocks  and  lodes  over  the  ares 
(but  now  no  longer  recognised),  or  rocks,  the  waste  and  result  of 
which  is  the  present  Old  Bed  Sandstone  of  the  south-west  of  Ireland. 

West  of  Ballycummisk,  and  immediately  east  of  Skull  Harbour,  u 
situated  Coosheen  mine,  where  there  appear  to  be  no  less  than  eleven 
lodes,  which  some  years  since  were  proved  and  worked  upon.  All 
these  are  east  and  west  lodes,  varying  in  their  bearing  or  direction 
from  10*^  east  to  25°  north.  Seven  of  the  eleven  are  copper-bearing, 
containing  either  yellow,  purple,  and  gray  ore,  or  green  carbonate, 
and  underlay  or  dip  south.  The  sett  is  traversed  from  north  to 
south  by  a  cross  course  or  fault,  accompanied  by  a  parallel  and  well- 
determined  flucan,  which  seems  to  have  shifted  the  lodes.  Ths 
Killas  to  the  south  of  the  Coosheen  dips  north  40°  to  60®,  implying 
that  the  mine  is  situated  in  a  synclinal  axis,  parallel  to  the  Bally- 
dehob  anticlinal,  aud  may  be  the  north  dip  to  the  north-west  face  of 
the  anticlinal,  which  runs  south  of  Ballycummisk  mine  and  through 
Bossbrin  cove.  No  less  than  five  faults  traverse  the  copper-bearing 
zone  of  the  Upper  Old  Bed  Sandstone,  between  Cappagh  mine  on 
the  east,  and  Skull  Harbour  on  the  west,  and  the  lodes  of  Bally- 
Gummink  and  Coosheen  are  all  more  or  less  affected  by  them. 

It  may  be  important  to  state  that,  at  42  fathoms  from  the  surface, 
and  16  fathoms  below  the  deep  adit,  the  No.  6  or  old  lode  dipped  souUi 
6**  in  1  (or  80*^),  and  contained  a  leader  of  7  inches  of  solid  gray 
copper — the  remaining  6  feet  of  the  lode  being  composed  of  **  quarti 
gray  copper,  green  carbonate,  and  blue  peach."  Even  at  the 
limited  depth  or  shallow  working  mentioned,  upwards  of  £20,000 
worth  of  copper  ore  has  been  returned.  It  is  believed,  from  the 
nature  of  the  lodes,  that  Coosheen  will  be  carried  down  to  depthf 
equal  to  that  of  Ballycummisk,  for  it  cannot  be  doubted  but  the 
lodes  of  both  setta  are  the  same,  and  all  are  more  or  less  parallel 
to  the  strike  of  the  Upper  Old  Bed  beds;  and  such  appears  to  be  the 
law  as  regards  the  position  and  run  of  the  lodes  in  the  south-west  of 
Ireland. 
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The  correlation  of  the  rock  masses  of  the  south  of  Ireland,  especially 
those  of  Kerry  and  south-west  Cork,  have  been  a  difficulty  with  many 
distinguished  geologists ;  and  the  relation  they  hold  to  &e  so-called 
DoTonian  series  of  north  Devon  and  Cornwall  is  even  now  a  dis- 
puted question  with  many. 

It  is  therefore  very  important  to  understand  the  relation  of  the 
two  mining  areas,  which  occupy  a  similar  geographical  position  in 
both  promontories,  viz.,  that  of  south-west  Ireland  and  south-west 
Engltmd.  It  is  true  the  succession  of  the  Paleozoic  series  is  clearer 
and  better  developed  in  the  south-east,  south-west,  and  central  Ire- 
land, than  in  Cornwall;  the  Old  Bed  Sandstone  of  Ireland  being 
known  to  repose  upon  the  Upper  Silurian  series  of  the  Dingle  pro- 
montory, and  upon  the  Lower  Silurian  in  Waterford. 

In  Cornwall  and  Devon,  on  the  contrary,  no  Upper  Silurian  rocks 
of  either  of  its  sub-divisions  are  known ;  and  the  Old  Red  Sandstone, 
or  Devonian  series  of  the  English  peninsula,  have  no  known  base,  such 
having  never  been  determined  in  its  typical  areas,  viz.,  north  and 
south  Devon  and  north  Cornwall,  lliis  problem  has  yet  to  be 
solved,  and  the  determination  of  Upper  Silurian  rocks,  BovXh  of  Pem- 
brokeshire, holding  some  relation  to  the  Linton  and  Ufracombe  series 
in  north  Devon,  or  to  the  same  series  that  constitute  the  structure  of 
the  west  coast  of  Cornwall,  from  St.  Agnes  Head  to  Tintagel  and 
Boscastle,  would  perhaps  decide  their  relation  to  the  Devonian  rocks 
of  Kerry  and  south-west  Cork. 

It  is  true  we  have  at  Bolt  Head  and  Start  Point,  in  the  south  of 
Devon,  a  series  of  Crystalline  Quartzite  rocks,  believed  to  be  of 
Silurian  age,  and  some  equivalent  beds  at  Mevagissy  and  the  Dodman, 
in  east  Cornwall,  but  whether  they  are  equivalents  of  the  Cambro- 
Silurian  series  (Caradoc  and  Llandeilo)  of  east  and  central  Ireland  is 
doubtful.  Whatever  may  be  the  age  of  the  Start  and  Dodman  rocks, 
they  are  the  only  representatives  of  the  Silurian  series  in  Devon  and 
Cornwall,  being  mere  remnants  of  a  once  largely  spread  group  to  the 
south,  originally  connecting  the  PalsBOzoic  rocks  of  Brittany,  or 
north-west  France,  with  south-west  England. 

The  details  of  the  Devonian  system  in  the  two  countries  seem  to 
involve  rather  a  question  of  terms,  than  difiference  as  to  age ;  though 
in  an  economical,  mineral,  or  mining  point  of  view,  it  is  extremely 
desirable  that  the  relationship  of  the  group  of  rocks  occupying  the 
two  areas  should  be  cleared  up.  If  this  cannot  be  done  strati- 
graphically,  it  is  hoped  some  light  may  be  thrown  upon  the 
question  by  deep-mining  in  Ireland,  and  a  knowledge  of  the 
deeper  physical  aspect  and  structure  of  the  Irish  rocks  arrived 
at  by  comparison  with  those  of  the  Cornish  area.  Also,  the  intimate 
structure  and  'conditions  of  the  lodes  and  their  contents,  such  as 
the  mode  of  infilling  and  arrangement  of  their  mineral  contents, 
systems  of  underlay,  directions  or  bearing,  etc.,  nature  of  the 
cross  courses  and  true  relation  of  the  Irish  El  vans  to  their  own 
rocks  and  minerals,  as  well  as  to  those  of  Cornwall,  at  present  very 
little  understood. 

We  are  aware  that  the  great  masses  of  igneous  rocks  which  have 
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defined  details  of  certain  mines ;  and  when  we  remember  that  above 
forty  are  named  as  occurring  in  the  county  Cork  alone,  and  most  of 
these  copper,  it  is  evident  that,  with  a  thoroughly  organized  system 
of  mining,  based  upon  known  local  laws  and  conditions,  and  with 
capital  properly  employed,  the  south-west  of  Ireland  should  take  a 
prominent  place  in  the  history  and  practice  of  mining. 

A  very  able  though  short  notice  of  the  Bearhaven  or  Allihies 
mines  occurs  in  the  under-mentioned  memoirs : — **  Explanation  to 
sheets  197-198,  and  the  south-east  part  of  No.  lOl.  Counties  Cork 
and  Kerry,  1860,  by  W.  W.  Smyth,  M.A.  F.R.S."  The  author  here 
specially  names  the  depths,  yield,  and  all  the  main  features  of  these 
mines,  and  clearly  indicates,  associated  with  the  recent  energetic  woik 
at  Ballycummisk«  that  much  is  to  be  expected  from  the  united  forces 
of  energy,  ability,  and  capital;  as  applied  to  deep-mining  in  the 
south-west  of  Ireland. 
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L — On  thx  Ooousbxnox  ot  Elxphant-bemaiks  in  Ibxland. 
By  PinofeflBor  Bobirt  Habxnbss,  F.B.8.,  F.G.S.^ 

THK  earliest  disooyerj  of  Elepbant-remains  in  the  BritiBh 
Isles  appears  to  have  been  made  in  Ireland,  and  is  recorded  in 
the  xxixth  volume  of  the  Philosophical  Transactions. 

This  discoveiy  was  made  about  the  year  1715,  "in  digging  the 
foundation  of  a  mill,  near  the  side  of  a  small  brook  that  parts  the 
counties  of  Gavan  and  Monaghan,"  at  Magheiy,  eight  miles  from 
Belturbat  Here  four  molar-teeth  of  an  elephant  were  found,  two 
of  which  were  of  a  large  and  two  of  a  small  size.  A  portion  of  a 
lower  jaw,  containing  one  of  these  teeth,  was  also  met  with; 
likewise  a  part  of  the  skull,  which  fell  to  pieces  on  exposure  to  the 
atmosphere  ;  and  some  other  bones  of  the  skeleton. 

The  account  of  the  discovery  of  these  bones  is  given  by  Mr. 
Francis  Neville,  who  states  that  they  were  found  at  the  depth  of 
about  four  feet  from  the  surface  of  the  ground,  and  their  mode  of 
occurrence  is  described  as  follows  : — "  The  bed  on  which  it  lay 
(referring  to  the  locality)  had  been  laid  with  ferns, — with  that  sort 
of  rushes  here  called  sprits, — and  with  bushes  intermixed,  and  nut- 
shells. Under  this  was  a  stiff,  blue  clay,  in  which  the  teeth  and 
bones  were  found ;  above  this  was,  first,  a  mixture  of  yellow  clay, 
and  sand  much  of  the  same  colour ;  under  that,  a  fine  white  sandy 
day,  which  was  next  the  bed ;  the  bed  was  for  the  most  part  a  foot 
thick,  and  in  some  places  thicker,  with  moisture  clean  through  it ; 
it  lay  close,  and  cut  like  turf,  and  would  divide  into  flakes,  thicker 
or  thinner  at  pleasure ;  and  in  every  layer  the  seed  of  rushes  was  as 
fresh  as  if  new  pulled,  so  that  it  was  in  height  of  seed-time  that 
these  bones  were  laid  there.  The  branches  of  the  fern,  in  every  layer 
as  we  opened  them,  were  very  distinguishable,  as  were  the  seeds  of 
the  rushes  and  the  tops  of  boughs.  The  whole  matter  smelt  very 
sour  as  it  was  dug ;  and  tracing  it  I  found  it  34:  feet  long,  and  about 
20  or  22  feet  broad." 

^  In  the  exploration  of  the  oesiferoos  breccia,  referred  to  in  this  commnnication, 
the  author  received  great  assistance  from  Dr.  A.  Leith  Adams,  F.L.S.,  F.G.S.,  22na 
BjtgUt  to  whom  geologists  are  so  much  indebted  for  the  knowledge  they  possess  of 
the  &nnA  of  the  cayes  of  Malta.  It  was  owing  to  his  labours  that  the  additional 
remains  of  Elephants  and  other  animals  were  obtained  from  the  Shandon  breccia. 

VOL.  Vn. — HO.  LXXII.  V\ 
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This  description  of  the  drcumstanoes  under  whibh  these  Elephant- 
bones  and  teeth  were  found  at  Maghery  leads  to  the  infezenoe 
that  an  old  and  small  lacustrine  deposit  was  the  source  from  wheuoe 
they  were  obtained. 

Concerning  the  teeth  it  is  stated  that  "  the  two  large  ones  are  of 
equal  weight,  2|lb8.  each ;  the  two  small  teeth  are  6  ounoes  each; 
but  some  of  them  are  wasted,  and  some  roots  that  enter  the  jaw  aie 
broken  oflF." 

These  teeth  are  described  by  Dr.  Thomas  Molyneux,  who  r^arded 
them  as  **  the  four  grinding  teeth  in  the  lower  jaw  of  an  elephant,*' 
and  he  enters  into  a  somewhat  detailed  desoriptioA  oonoeming  them. 
They  are  figured,  and  contrasted  with  the  grinding  surfieu^eB  of 
molars  of  the  African  elephant  in  the  volume  of  the  FhiL  Trans, 
above  alluded  to. 

The  figures  of  these  teeth  from  Maghery  appear  to  represent  a 
form  of  enamel  plate,  which  is  more  nearly  aJlied  to  Elephu  anUqwu 
than  to  E.  primigenius,  the  greatest  breadth  being  in  the  middle, 
and  possessing  the  somewhat  lozenge-shaped  outline  which  is  ohar- 
acteristic  of  E,  antiquus. 

There  is  another  reference  to  the  discovery  of  Elephant-remains  in 
Ireland.^  It  is  stated 
that  "some  years  ago 
was  dug  up,  within  a 
mile  of  Whitechurch, 
the  rib  of  an  ele- 
phant, which  was  no 

doubt  such  (t?ide Plate  ^  ,.,.«, 

the    last,    fig.   2),   it  Supposed  nb  of  Elephant 

agreeing  with  the  description  of  that  animal  in  De  Moulins  and 
Blair."  A  sketch  of  this  rib  taken  from  the  plate  referred  to  is 
here  annexed. 

The  rib  above  alluded  to  is  regarded  as  belonging  to  a  whale  by 
Dr.  Oldham,^  and  it  certainly  possesses  much  of  a  Cetacean  aspect 
The  locality,  Whitechurch,  mentioned  by  Smith  as  affording  this 
bone,  is  about  six  miles  west  of  Dungarvan.  From  some  information 
which  we  recently  obtained  it  would  appear  that,  about  fifteen  years 
ago,  a  considerable  quantity  of  large  bones  were  discovered  in  a  cave 
near  Whitechurch.  These  were  said  to  consist  of  leg  bones,  which 
were  described  to  us  as  being  almost  as  thick  as  a  man's  body ;  also 
teeth,  said  to  be  six  times  larger  than  those  of  a  horse ;  and  a  skull 
was  mentioned,  which  was  represented  as  having  **  four  horns  pro- 
jecting from  it"  Most  of  these  bones  were  probably  those  of 
elephants ;  and  the  skull  with  the  four  horns  that  of  a  reindeer,  witii 
portions  of  the  brow  antlers  and  the  main  shaft  preserved. 

The  discovery  of  these  bones  recently  at  Whitechurch  would  tend 
to  render  it  probable  that  the  rib  alluded  to  by  Smith  was  that  of  an 
elephant,  notwithstauding  the  Oetacean-like  outline  as  figured  in  the 
plate  before  alluded  to.    Unfortunately,  these  bones  have  all  disap- 

^  Smith's  Ancient  and  Present  State  of  the  Conn^  and  City  of  Waterford, 
XDOOXLYI.,  page  81.  *  Journal  of  the  Dublin  Ueol.  Soo.,  toL  iil.,  page  70. 
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pearedy  some  of  them  having  been  carried  away  by  rag-and-bone 
oolleotors. 

The  next  discoYeiy  of  Elephant-remains  in  Ireland  was  made 
in  1859.  This  was  also  in  the  oounty  of  Waterford,  in  the  neigh- 
bomiiood  of  Dnngarvan.^ 

The  locality  whioh  afforded  these  remains  is  a  place  called 
Shandon,  about  half-a-mile  north-west  of  Dmigarvan.  They  were 
discoYered  in  working  a  limestone  quarry  for  road  material.  Mr. 
Brenan,  who  is  resident  in  Dungarvan,  first  brought  these  remains 
uider  the  notice  of  naturalists^  his  attention  having  been  directed 
to  them  in  consequence  of  '^  a  woi^man  exhibiting  a  large  bone  as 
that  of  an  antediluvian  giant  in  the  town  of  Diingarvan. 

Many  bones  were  obtained  from  Shandon  by  Mr.  Brenan,  and  are 
now  in  the  Museum  of  the  Boyal  Dublin  Society  ;  a  few  are,  how- 
ever, in  his  possesion  still.  The  bones  in  the  Museum  of  the  Boyal 
Dublin  Sodety  have  been  recognized  by  Dr.  Alex.  Carte,  as  apper- 
taining to  the  ''mammoth,  cave-bear,  brown  bear,  reindeer,  horse, 
and  hare,  vnth  a  small  portion  of  the  humerus  of  a  bird,  as  yet 
undetermined." 

With  reference  to  the  circumstances  under  which  the  bones  of  the 
mammals  at  Shandon  occur,  it  would  seem,  at  first  sight,  that  they  had 
been  derived  from  an  ordinary  ossiferous  cave,  but  this,  however,  is 
not  absolutely  correct.  On  visiting  the  spot  we  were  informed  by  a 
workman,  who  had  wrought  in  the  limestone  quarry  from  whence 
these  remains  were  obtained,  that  the  bones  occiuTed  in  the  solid 
rock.  The  quarry  has  for  some  years  been  abandoned,  and  we  were 
told  that  there  was  no  chance  of  finding  any  more  specimens. 

On  carefully  looking  along  the  surface  of  an  exposed  mass  of 
breccia,  forming  a  portion  of  the  face  of  the  old  quarry,  fragments  of 
bone  were  recognizable  in  it ;  and  further  investigation  proved  that 
bones,  and  portions  of  bone,  are  still  to  be  met  with  in  considerable 
abundance  in  the  breccia,  about  the  horizon  where  they  can  be  seen 
on  the  face  of  the  quarry. 

The  Carboniferous  Limestone  of  the  old  quarry  at  Shandon  dips 
towards  the  south-west,  at  an  angle  of  about  10^,  and  no  boulder- 
clay  is  seen  upon  the  surface  of  the  limestones,  which  here  overlays 
the  bone  bearing  breccia.  The  face  of  the  quarry  at  the  spot  where 
bones  are  seen  in  the  breccia  has  the  following  arrangement  from  above 
downwards : — First,  about  18  feet  of  regular  limestone,  intersected 
by  a  great  number  of  closely  approximating  joints,  which  afford  easy 
access  for  the  surface  water  into  the  lower  portions  of  the  rock,  is  seen. 
Beneath  this  mass  of  regular  limestone,  breccias  occur,  irregular  in 
thickness,  but  averaging  about  five  feet,  above  which  are  open  spaces 
separating  the  breccias  from  the  superior  limestone.  These  breccias 
have  resulted  from  the  fsilling  down  of  masses  of  limestone  rook  into 
hollows  which  had  been  formed  by  the  agency  of  water.  In  some 
cases  these  breccias  lie  upon  a  limestone  floor ;  in  other  instances  the 
fragments  have  wedged  themselves  together  before  reaching  the 

>  Journal  of  the  Boyal  Dublin  Society,  yoI.  ii. 
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floor.  In  flome  spots  some  of  the  firagments  have  fidleii  upon 
the  floor,  but  others,  which  have  subsequently  beoome  detached 
from  the  roof,  did  not  reach  ihia  position,  but  have  beoome  jammed 
together,  and  form  the  roof  of  .eaves.  This  was  the  case  at  the  spot 
where  the  osseous  fragments  were  found,  for,  on  dearing  away  some 
rubbish  which  had  been  here  accumulated,  a  cave,  about  two  feet 
high,  was  found,  having  a  brecciated  oroof  about  &ve  feet  m  tldck- 
ness.  This  brecciated  roof  was  cemented  together  by  stalagmitic 
matter. 

The  floor  of  this  cave  was  in  part  also  a  breccia,  mated  together 
by  crystalline  carbonate  of  lime.  This  latter  was  much  more  abun- 
dant in  the  floor  than  in  the  roof ;  and  the  angular  fragments  which 
it  cemented  together  were  not  usually  found  in  contact  with  eadi 
other.  It  was  in  this  lower  breccia  and  stalagmite  that  the  Ixmes 
were  found. 

At  this  spot  the  If^er  of  breccia  and  stalagmite  was  about  two 
feet  in  depth ;  but  its  thickness  is  extremely  irregular,  as  near  the 
western  side  of  the  opening  of  the  cave  it  is  not  more  than  six  inches 
in  depth,  and  in  some  spots  it  dissappears  altogether.  The  bones 
occur  in  the  upper  part  of  this  layer,  forming  the  floor  of  the  cave, 
rarely  at  a  greater  depth  than  four  inches,  and  sometimes  they  are 
even  nearer  the  surface  of  the  floor.  This  stalagmitic  breccia  rests 
upon  a  mass  of  solid  stalagmite,  which  is  here  about  eighteen  inches 
thick  ;  and  beneath  this  stalagmite  another  cave  is  seen.  This  cave, 
was,  however,  so  blocked  up  by  masses  of  rock  that  an  entrance  could 
not  be  made  into  it  with  the  means  which  we  had  at  our  disposal. 

The  stalagmitic  breccia  which  yielded  the  bones  was  difficult  to 
work.  This,  however,  resulted  from  the  confined  space  which  was 
available  for  working  in  rather  than  the  hardness  of  the  rock  itself. 

That  bones  occur  in  it  abundantly  is  shown  Iw  iJtxe  circumstance 
that,  in  an  area  of  littie  more  than  a  square  yapd,  we  obtained  from 
it  five  Elephant's  vertebras,  one  of  which  retained  its  ^inous  and 
transverse  processes  nearly  perfect.  Portions  of  five  Elephants 
ribs  were  also  found.  Besides  these,  fragments  of  the  metacaxpal 
and  metatarsal  bones  of  the  reindeer  were  also  met  with;  and  a 
small  fragment  of  a  rib  apparently  belonging  to  the  same  animal.  In 
some  instances  these  bones  were  imbedded  solely  in  the  stalagmite, 
but  more  frequently  a  thin  layer  of  fine  clay  separated  them  from 
the  enveloping  hard  matrix. 

The  bones  occurring  in  the  stalagmitic  breccia  are  in  a  more  or 
less  broken  condition  ;  the  fractures,  however,  eeem  all  to  have  been 
made  since  the  bones  were  brought  into  the  cavern.  The  surfaces  of 
the  fractures  are  generally  very  sharp,  and  the  broken  pieces  are 
fr^uently  in  juxtaposition.  In  the  case  of  the  metacarpal  and 
metatarsal  bones  of  the  reindeer,  before  referred  to,  these  afford  some 
interesting  evidence  as  to  the  cause  which  has  produced  the  fractures 
in  these  bones.  The  fragments  possess  all  the  features  of  such  bones 
as  are  now  regarded  as  having  been  split  by  man  for  the  purpose  of 
obtaining  the  marrow  which  they  afford. 

The  cause  of  the  fracture  of  the  bones  which  are  found  in  the 
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Btalagmitio  breccia  at  Shandon  has  been  the  falling  of  fragments  of 
limestone  from  the  roof  of  the  cave  while  the  bones  lay  exposed  on 
the  surface  of  the  floor;  and  subsequently  the  infiltration  of  car- 
boziate  of  lime  has  consolidated  the  fallen  fragments  into  the  hard 
breccia  in  which  the  animal  remains  are  imbedded. 

As  concerns  the  occunenoe  of  mammalian  remains  in  the  breccia  of 
Shandon,  there  are  some  circumstances  in  connection  with  this  which 
lead  to  the  conclusion  that  neither  the  transporting  agency  of  water, 
nor  the  influence  of  camivora,  had  anything  to  do  with  ^eir  appearance 
here.  The  bones  have  no  traces  upon  them  of  the  action  of  such  a 
force  as  running  water,  the  only  evidence  of  such  a  force  being  in 
the  occurrence  of  the  thin  film  of  clay  which,  in  some  cases,  invests 
the  bones,  and  this  day  has  emanated  from  water  from  above  perco- 
lating through  the  joints  of  the  rock.  There  is  no  trace  of  anything 
in  the  form  of  a  rolled  pebble  in  the  breccia,  the  limestone  frag- 
ments being  as  sharply  angular  as  when  first  detached  from  their 
parent  rock. 

WiHi  reference  to  the  influence  of  camivora  the  conditions  of  the 
bones  indicate  that  such  animals  had  not  used  the  caves  as  dens. 
The  more  cellular  portions  of  the  skeleton  are  as  intact  as  any  other 
part ;  and  there  is  nothing  to  show  that  the  bones  were  broken  in 
such  a  manner  as  they  exhibit  when  they  are  found  associated  with 
the  remains  of  the  hyaena. 

The  only  camivora  of  which  the  bones  are  mentioned  by  Dr. 
Carte  as  occurring  in  the  Shandon  breccia  are  the  cave-bear  and  the 
brown  bear,  the  former  being  most  probably  only  a  very  large 
variety  of  the  latter,  a  relationship  similar  to  that  which  the  ancient 
cave-lion  had  to  his  modem  African  representative.  Besides  these 
remains  of  camivora,  alluded  to  by  Dr.  Carte,  it  would  appear  that 
the  wolf  was  also  a  contemporary  with  the  mamraoth  in  Ireland,  as 
Mr.  Brenan  has  in  his  possession  a  portion  of  a  large  lower  jaw  of 
this  animal,  which  was  obtained  from  the  Shandon  breccia. 

The  late  Dr.  Falconer  mentions  the  occurrence  of  the  remains  of 
the  wolf  with  those  of  the  mammoth  in  connection  with  the  caves  of 
the  €k)wer  peninsula.  One  of  these  caves,  Spritsail  Tor,  besides  yield- 
ing the  remains  of  these  animals,  afforded  evidence  of  a  much  more 
extensive  fauna  than  the  Shandon  breccia.  In  the  case,  however,  of 
Spritsail  Tor  Cave,  this  seems  to  have  been  a  hyaena's  den,  as  copro- 
lites  of  this  animal  occur  in  it,  and  also  gnawed  bones  of  Bos  Equus 
and  Cermis.^ 

Ireland  has  hitherto  afforded  no  traces  of  either  the  hyaena  or  the 
lion.  The  Pleistocene  camivora  of  this  country  wore  confined  to 
the  bear ;  of  which  there  are,  however,  no  historical  records ;  and 
the  wolf,  which  was  finally  extirpated  about  the  year  1710.*  These 
two  animals  seem  to  have  had  very  little  influence  in  the  dragging 
of  the  bodies  of  other  mammals  into  caves ;  and  although  we  have 
their  bones  associated  with  those  of  herbivora  in  the  Shandon 

^  Quart  Jonrn.  Oeol.  Soc.,  vol.  xTi.,page  491. 

^  Smith's  History  of  the  County  of  Kerry,  page  173. 
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breocia,  this  association  must  be  looked  upon  as  resnltiiig  from  otiher 
causes  than  the  predatoiy  habits  of  the  bear  or  wol£^ 

The  occurrence  of  several  vertebraa  and  ribs  of  the  mammoth  in 
an  exceedingly  small  area  in  the  Shandon  breccia,  a  space  little  more 
than  a  square  yard,  and  also  the  unworn  and  nngnawed  condition  of 
these  bones,  lead  to  the  inference  that  the  whole  skeleton  of  a  mam- 
moth had  been  embedded  in  this  substance.  Four  of  the  Tertebm 
were  portions  of  the  continuous  series  of  the  spinal  column ;  and 
had  circumstances  permitted  further  explorations  in  the  breooia, 
other  bones  of  this  skeleton  would  doubtless  have  been  diaoovered. 

The  body  of  the  animal  to  which  these  bones  appertained  most 
either  have  been  tranq>orted  here,  or  the  creature  must  have  died  on 
the  spot  where  its  bones  occur.  With  reference  to  the  former  case, 
the  agency  of  water  only  could  have  effected  this,  but  every  circum- 
stance in  connection  with  these  bones  is  antagonistic  to  the  idea  of 
such  a  mode  of  transport.  Nothing  remains,  therefore,  but  to  accept 
the  conclusion  that  the  animal  died  on  the  spot  where  its  bones  are 
found.  The  features  which  are  seen  in  connection  with  the  limestone 
of  Shandon  lend  support  to  the  conclusion  that  mammoths  died  here. 
During  the  time  when  the  breccias  were  being  formed,  the  limestone 
exhibited  projecting  ledges  of  rock,  having  beneath  them  open 
spaces  which  would  afford  shelter  for  mammoths  and  other  animale ; 
and  many  wild  creatures,  at  the  present  time,  when  they  find  death 
approaching,  seek  for  shelters  of  this  kind.  Subsequently  these  rock- 
shelters  of  Shandon  have  undergone  great  changes,  in  consequence 
of  the  falling  of  overhanging  masses,  fragments  of  which  accumu- 
lating above  the  skeletons,  enveloped  them  in  the  hard  substance 
from  whence  the  bones  are  now  obtained. 


II. — On    some  New   and    Eemarkable   Echinodebmb    from   the 

British  Paubozoic  Rocks.' 

By  Professor  de  Eomimck.,  M.D.,  For.  Mem.  GeoL  Soc.  Lond. 

(PLATE  VII.) 

DURING  one  of  my  last  visits  to  England  I  had  the  opportunity 
of  visiting  a  great  number  of  palceontological  collections. 
Amongst  those  which  afforded  me  the  greatest  pleasure,  I  would 
specially  mention  the  collections  of  Mr.  Edward  Wood,  F.G.S.,  at 
Richmond,  in  Yorkshire,  and  of  Mr.  John  Gray,  at  Hagley,  near 
Stourbridge.' 

These  gentlemen,  who  honour  me  with  their  friendship,  and  who 
gave  me  the  most  hospitable  reception  that  one  can  possibly  wish  for, 

1  The  abundance  of  the  remains  of  the  Megaeerot  HibtmieuB  in  Ireland  miy 
probably  be  attributed  to  the  absence  of  the  hyrona  and  the  lion  from  the  Pleiito- 
oene  fiiuna  of  this  country ;  and  also  to  the  early  separation  of  the  countrj  from 
Great  Britain. 

*  Translated  from  the  Bulletin  de  la  Academie  Boyal,  Bmxelles,  2Qd  leries,  tone 
zzTiii.,  pp.  67-65.    Planche.     1869. 

'  Mr.  John  Gray's  yery  choice  collection  of  Upper  Silorian  foisflfl  hti  nnoe  been 
acquired  for  the  Bntish  Museum. 
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both  poflseflfl  palsBontoIogioal  oollections  suoh  as  are  veiy  seldom  met 
with  amongst  private  indiYiduals.  The  museum  of  Mr.  Edward 
Wood  rivals  many  publio  oolleotions.  It  contains  one  of  the  most 
complete  series  of  British  Carboniferous  fossils  known,  and  more 
en>ecially  a  magnificent  suite  of  specimens  of  the  several  species  of 
Woodacrinw — a  genus  formed  by  me,  and  to  which  I  have  already 
bad  the  honour  of  calling  the  attention  of  the  Academy.^ 

Mr.  John  Gray,  who  resides  at  Hagley,  not  far  from  Dudley, 
poflseeses  an  adnurable  collection  of  Silurian  fossils  from  that  lo- 
cality, developed  and  classified  with  extreme  care. 

It  is  in  the  first  of  these  two  scientific  depositories  that  I  met  with 
the  specimen  of  PaUBchinus,  of  which  I  here  give  a  figure  of  the 
natural  size,  as  drawn  by  me  on  the  spot,  with  all  possible  C6ire  and 
correctness. 

This  specimen  is  remarkable  on  account  of  the  presence  of  the 
apical  plates,  which  are  well  preserved,  and  which  have  not  yet  been 
seen  in  any  other  specimen  of  the  same  genus.  Though  it  has  been 
compressed  from  top  to  bottom,  the  anal  aperture  remains  perfectly 
intact.  It  is  easy  to  see  that  it  is  limited  by  one  of  the  borders  of 
each  of  the  five  genital  plates  that  surround  it.  Of  these  plates,  four 
are  identical :  the  form  is  heptagonal ;  they  are  broader  than  long  ; 
each  of  them  is  perforated  by  three  rounded  and  well-marked  pores, 
placed  in  a  line  near  the  inferior  border  of  the  plate,  and  parallel  to 
the  border  on  every  side.  Each  of  these  plates  forms  the  summit  of 
one  of  the  sides  of  the  test. 

The  fifth  plate  (corresponding  to  the  irregular  side)  is  also  heptan- 
gnlar  in  outline,  but  differs  in  form  from  the  other  four,  being  longer 
than  broad,  and  having  only  a  single  pore,  placed  on  the  median  line 
of  the  plate,  near  the  border  of  the  anal  aperture  ;  that  is  to  say,  in 
a  situation  opposite  to  that  occupied  by  the  pores  in  the  other  plates, 
as  can  readily  be  seen  by  referring  to  Fig.  1  in  Plate  VII. 

The  specimens  I  have  examined  do  not  show  any  trace  of  ocellar 
plates. 

I  had  long  since  observed  genital  plates,  perfectly  identical  to 
those  I  have  just  described,  among  the  fossil  debris  from  the 
Carboniferous  Limestone  of  the  environs  of  Tournay ;  but,  as  I 
always  found  them  isolated,  it  was  impossible  to  determine  their 
real  place  and  precise  signification.  There  cannot  be  any  longer  the 
slightest  uncertainty  as  to  their  nature.  The  specimen  in  Mr.  Wood's 
collection,  and  also  the  detached  plates  found  at  Tournay,  seem  to 
belong  to  Paiachintu  aphartctis  of  Scouler.'  Mr.  Wood's  example 
comes  from  the  Carboniferous  Limestone  of  Kii'kby -Stephen,  in 
Westmoreland,  where  fragments  of  PaltBchinus  are  not  uncommonly 
met  with. 

K  there  still  remained  any  doubt  as  to  the  presence  of  Echinoder- 
mata  in  the  palsBOzoic  strata,  my  observations  would  tend  to  remove 

^  Balletins  Acad.  Hojal  Brnxelles,  1854 ;  Geologist,  toI.  i.,  1858,  p.  12,  plates  i. 
and  ii. ;  Gbolooical  Magazine,  yoI.  ii.,  1865,  p.  163,  plate  ▼. 

*  McCoy's  **  Synopsis  of  the  Carboniferous  Fossils  of  Ireland,"  p.  172,  pi.  xxW., 
fig.  6. 
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them  completely.  I  should,  however,  observe  that  the  genital  plates 
of  FoU^chinus  differ  essentially  from  those  of  all  the  Eohinodermata 
belonging  to  the  inore  recent  geological  period,  by  the  presence  of 
three  well-marked  pores  on  four  of  them,  whilst  the  fifth  is  osoally 
perforated  by  only  one  aperture. 

I  shall  avail  myself  of  this  occasion  to  rectify  a  determination  that 
I  made  in  1844.  In  my  work  on  the  Carboniferous  fossils  of 
Belgium,  I  have  described  and  figured,  under  the  name  of  C%dari$ 
MunaierianuSf  a  few  plates  and  radicles  of  a  species  of  Echinus  that  I 
discovered  at  Vise,  and  which  M.  Desor  referred  in  1858  to  his  genus 
Eocidaris,^  but  which  in  reality  appertains  to  the  genus  Lepidoeenirut, 
created  by  Miiller  in  1856,  upon  a  species  very  nearly  related  to 
mine  that  he  had  discovered  in  the  Eifel,  and  of  which  he  has 
obtained  a  fairly  complete  specimen.  The  Carboniferous  species 
must,  then,  be  placed  under  the  genus  LeptdocetUrua  Munsieriantu, 
It  shows,  at  the  same  time,  that  the  species  of  that  genus  are  not 
exclusively  Devonian,  as  it  was  formerly  supposed.* 

The  second  form  to  which  I  would  draw  attention  is  a  fossil  of 
most  peculiar  structure,  which  I  had  the  opportunity  to  study  in 
Mr.  John  Gray's  collection.  It  belongs  to  the  family  of  the  OyBtide^g^ 
of  which  it  constitutes  one  of  the  most  extraordinary  types ;  and, 
from  its  very  peculiar  form,  it  cannot  be  referred  to  any  known 
genus  of  that  large  family.  I  am  obliged  to  form  a  new  genus — 
Flacocystiies — for  its  reception.  The  essential  characters  are  as 
follows  : — Calyx  of  a  compressed  form,  concave  on  one  side  and 
convex  on  the  other,  composed  of  four  or  five  series  of  plates,  sym- 
metrically disposed  on  the  sides  of  the  vertical  axis,  in  the  line  of 
which  is  placed  the  anal  aperture,  formed  by  semicircular  hollows 
on  the  borders  of  two  symmetrical  plates  placed  in  juxtaposition 
above  the  ovarian  plate;  peduncle  with  an  oval  suture.  I  have 
named  the  only  species  of  this  genus  known  to  me,  Placocyatitea 
Forhesianus,  de  Kon. 

Mr.  J.  Gray  possesses  two  specimens  of  this  genus ;  •  that  which 
I  have  drawn  is  the  more  complete  and  the  best  preserved.  Both 
are  from  the  Wenlock  Limestone  of  Dudley,  a  member  of  the 
Upper  Silurian  series  of  Sir  Roderick  I.  Murchison.  This  species, 
of  middle  size,  is  formed  of  a  base,  which  seemed  to  me  to  be 
composed  of  one  single  plate.  On  the  anterior  side  are  seen 
nineteen  small  polygonal  plates,  not  including  the  base.  The  two 
lateral  parts  are  perfectly  symmetrical.  ThB  base  supports  a 
horizontal  series  of  five  plates,  of  which  the  hexagonal  median  one 
is  longer  than  broad,  and  bears,  a  little  to  the  left  of  its  centre,  a 
small  aperture  or  ovarial  impression,  of  a  circular  and  well-marked 
form.  The  two  lateral  plates  which  join  these  directly  are  about 
of  equal  length,  whilst  the  other  two,  further  from  the  centre,  are 
wider  and  longer,  each  of  these  last  surmounted  directly  by  two 
others,  of  which  one  is  very  long,  and  is  followed  by  a  shorter  one. 

1  P.  35,  pi.  £,  fig.  2,  0,  by  c,  d, 

'  Synopsis  des  E'chinides  fossiles,  p.  156. 

'  Now  in  the  British  Musenm. 
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These  three  plates,  tmiied,  form  on  each  side  of  the  fossil  a  radius 
similar  to  that  of  the  Crinoids  proper.  The  second  range  is  com- 
posed of  four  plates,  united  symmetrically  in  pairs,  and  alternating 
with  the  plates  beneath.  In  this  way  the  suture  becomes  median, 
and  it  is  on  this  suture,  and  towards  the  middle  of  the  two  centre 
plates,  that  the  anal  aperture  is  seen ;  it  is  circular  and  about  three 
millimetres  in  diameter.  The  series  which  follows  that  enclosing 
the  anal  plate  is  only  composed  of  three  pieces,  a  little  longer  than 
broad,  alternating  with  those  which  serve  as  their  supports,  whilst 
the  last  range,  also  composed  of  three  small  plates,  is  placed  imme- 
diately upon  the  preceding.  All  these  plateis  are  perfectly  smooth 
on  their  external  surface.^ 

The  posterior  side  is  concave  over  its  whole  extent,  except  near  the 
base,  where  a  subconic  median  lobe  projects,  as  is  shown  in  Figs.  8 
and  4,  PL  YII.,  which  accompanies  this  paper.  It  results  from  this 
arrangement  that  the  two  sides  of  the  test  are  very  much  compressed 
together,  and  leave  but  a  small  space  for  the  soft  parts  of  the  animal. 

In  spite  of  the  attention  with  which  I  examined  the  specimen 
figured,  which  was  the  only  one  on  which  the  posterior  surface  was 
visible,  I  was  unable  to  discover  any  division  into  plates  on  that 
side.  It  would  indeed  be  surprising,  however,  if  it  were  composed 
of  only  one  piece.'  I  am  driven  to  believe  that  this  appearance  is 
only  due  to  the  state  of  fossilization,  by  which  all  traces  of  separate 
plates  have  vanished.  I  shall  make  the  same  observation  concerning 
the  base.  It  is  furnished  with  a  slight  oval  depression,  limited  by  a 
narrow  border,  which  leads  one  to  suppose  that  the  animal  has  been 
supported  by  a  stalk.  Seen  from  beneath  the  base  it  presents  the  form 
of  a  crescent,  see  Plate  VII.,  Fig,  4.  I  have  dedicated  this  species 
to  my  friend,  the  late  lamented  Professor  Edward  Forbes. 

I  shall  conclude  this  paper  by  the  description  of  a  new  species  of 
Hdplocrinus,  which  I  propose  to  call  H,  granatum. 

This  genus  was  created  by  Steininger  in  1834,  for  a  small  species 
of  Crinoid  common  in  the  Eifel,  but  which  Groldfuss  had  already 
described  under  the  name  Engeniocrinites  mespiliformis?  UntQ  now, 
this  last  species,  and  that  described  by  Prof.  James  Hall,  under  the 

*  When  examined  with  a  pocket  ma^ifying  glass,  the  plates  of  nearly  all  the 
ipecimens  in  the  British  Museum,  now  upwards  oi  twenty  in  number,  show  a  finely- 
striated  ornamentation  running  in  an  obliquely- transverse  direction  across  their  sur- 
£eu^  Probably  the  specimen  examined  by  M.  de  Koninck  may  have  been  much 
rubbed  upon  its  surface.  In  the  publications  of  the  Geological  Surrey  of  Canada, 
Decade  ill.,  "Fiinires  and  descnptions  of  Canadian  organic  remains,"  Montreal, 
1S6S,  p.  72,  Mr.  E.  Billings,  the  accomplished  palseontologist  to  that  Survey,  has 
figorea  in  a  small  woodcut  and  described  an  anomalous  and  imperfect  Gystidean, 
ander  the  name  of  AteltoeyftUes  Huxleyi.  From  the  figure  and  description  we  are 
inclined  to  think  it  may  hereafter  be  shown  to  be  the  **  posterior"  surface  of  a  cys- 
tidean,  identical  with  M.  de  Koninck's  Plaeocyttitet  Forbetianut ;  the  more  so  as 
the  plates  are  described  by  Mr.  Billing  as  tranvorsely  striated.  But  as  the  Canadian 
specimen  is  yery  imperfect,  we  think  it  would  be  very  hazardous  to  assume  from  the 
figure  alone  that  Plaeoq^ttiUs  (de  Koninck,  1869)  was  synonymous  with  Atsltocystites, 
Billingi,  185S.— Eorr. 

*  One  of  the  specimens  in  the  Museum  shows  at  least  nine  plates  on  its  posterior 
lorface. — Eorr. 

>  Goldfoas  Petrefact.  Oerm.    Tome  i.  p.  213.    PI.  Ixiv.     Fig.  6. 
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name  of  H,  OliOf  had  remained  tbe  only  representatiYes  of  the  gentta, 
of  which  no  trace  had  heen  discovered,  either  in  the  Silurian  strata, 
80  rich  in  crinoids,  or  in  the  Carboniferous  series,  where  these  fossilB 
are  also  abundant 

The  discovery  of  a  Carboniferous  Haploerinus  offers  a  certain 
interest;  it  is  to  Mr.  Parker  that  it  is  due.  It  is  to  his  kindness  that 
I  owe  the  only  specimen  found  by  him  in  the  Carboniferous  Lime- 
stone of  BoUand  in  Lancashire,  amongst  a  considerable  number  of 
other  fossils  of  less  importance. 

HaplocrinuB  granatumy  de  Eon.  Calyx  small,  ventral  part  sub- 
globular,  hemispherical,  buccal  part  or  dome  depressed,  pyramidal, 
with  a  pentagonal  base.  Surface  smooth  to  the  naked  eye,  but 
when  examined  with  the  magnifying  glass,  one  discovers  some 
slight  irregular  rugosities.  The  base  is  relatively  little  elevated, 
and  the  part  by  which  it  has  been  articulated  to  Uie  stalk  is  rather 
deeply  hollowed,  and  is  surrounded  by  a  small  circular  burr.  Its 
outline  is  irregular,  two  of  the  sides  of  the  pentagon  which  form  its 
projection  are  smaller  than  the  three  others,  which  are  of  about 
equal  dimensions. 

The  three  sub-radial  pieces  are  very  much  broader  than  long ; 
they  are  pentagonal,  but  the  angle  made  by  the  remainder  of  the 
borders  attached  to  the  basal  pieces  is  very  obtuse.  The  fine 
radial  pieces  are  relatively  very  large,  and  form  alone  the  greatest 
part  of  the  calyx ;  their  surface  is  slightly  rugose,  their  form  is 
pentagonal,  and  the  superior  border  is  undulated.  On  the  median 
part  of  this  border,  to  which  the  arms  must  have  been  articulated, 
one  can  detect  a  slight  swelling,  in  which  is  hollowed  out  a  small 
furrow,  which  continues  up  to  the  summit  of  the  dome  or  vault. 

The  inter-radial  pieces  are  five  in  number,  and  alternate  with  the 
radial  plates.  All  are  subtriangular,  and  very  nearly  of  the  same 
form  and  size — their  lateral  borders  being  bevelled,  form,  by  their 
juxtaposition,  the  five  radiating  furrows  seen  on  the  vault,  and  to 
which  I  have  already  referred.  Of  the  form  and  disposition  of  the 
jointed  arms,  I  am  unable  to  speak,  as  they  are  entirely  wanting. 

Compared  with  the  species  from  the  Eifel,  this  one  can  easily  be 
distinguished  by  its  general  form,  which  is  less  globular,  by  the 
nearly  complete  absence  of  ornamentation  on  its  surface,  by  the 
greater  elevation  of  its  dome,  and  above  all  by  the  peculiar  form  of 
the  furrows  which  are  scooped  out  upon  it.  It  approaches  more 
nearly  to  the  H.  Clio  of  Hall. 

EXPLANATION  OF  PLATE  VII. 

Fig.  1.  Palaehinut  tpharieust  Scouler  (nat.  size),  from  the  CarboniferoTU  Limeitoiie 
of  Kirkby-Stephen,  in  'Westmoreland.  The  original  in  the  collection  of 
Edward  Wood,  Eiq ,  F.G.S.,  of  Richmond,  Torkshire. 

Fig.  2.  FUtco€y»tU$9  Forbtaianus,  de  Eon.,  from  the  coUection  of  John  Gray,  Esq. 
(now  in  the  British  Museum).  Specimen  of  the  natural  size  seen  from 
the  anterior  ride,    a,  anal  aperture ;  4,  OTarian  orifice. 

Fig.  8.    The  same  specimen  seen  from  the  posterior  side. 

Fig.  4.      „  „  „  base. 

Fig.  6.  TransrerBe  section,  taken  upon  a  line  passing  through  the  body  near  the 
anal  aperture. 
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Wig.  6.    Haphtrimm  grmrnkm^  de  Koninok,  speeimeii  of  the  natiuil  nse  seen  in 

profile. 
Fig.  7.    The  seme,  greatlj  enlamd,  seen  from  the  same  ride. 
Fig.  8.    The  samei  of  the  nataral  rize,  seen  from  top  of  the  yault  or  dome. 
Fig.  9.    The  lame,  greatlj  enlarged,  seen  in  the  same  porition  as  in  Fig.  8. 
Fig.  10.  The  same,  greatlj  enlarged,  seen  from  the  base  of  the  Caljx. 

[For  procuring  &e  neoMsarj  copies  (printed  from  the  original  Plate  in  Bmssels)  to 
innstrate  this  paper,  I  am  indebtea  to  mj  friend,  Mr.  Edward  Wood,  of  Richmond, 
and  likewise  to  tne  kindness  of  the  author  of  the  paper,  Prof,  de  Koninck,  of  li^ge.] 

nL — ^Thb  Gbit-bookb  of  the  Eastern  Bobdeb  of  Nobth  WiJiSS. 

Bj  John  Aitxxn,  F.G.S. 

riliUfi  sandstone  beds  which  skirt  the  eastern  border  of  Wales,  and 
JL  stretch  from  a  little  south-west  of  the  town  of  Oswestry  to  near 
the  Point  of  Ayr,  on  the  shores  of  the  Irish  Sea,  a  distance  of  up- 
wards of  40  miles  in  a  direct  line,  have  for  several  years  past  been  a 
sonrce  of  perplexity  to  those  who  have  investigated  their  peculi- 
arities, and  who  have  been  interested  in  arriving  at  a  determination 
of  their  true  age  and  geological  horizon. 

Notwithstanding  the  difficulties  which  surrounded  them  they  have 
been  considered  by  the  Qeological  Survey,  and  also  by  amateur 
geologists  generally,  as  equivalents  of  the  Millstone-grit  formation 
of  the  Penine  chain.  This  classification  was  doubtless  adopted  from 
ihA  fact  that,  in  the  southern  part  of  the  district,  in  the  tract  lying 
between  Oswestry  and  Llangollen,  this  group  of  beds  is  principally 
made  up  of  sandstones,  whilst  further  north,  in  the  neighbourhood  of 
Mold,  the  arenaceous  character,  although  considerably  modified  by 
the  intercalation  of  calcareous  and  argillaceo* calcareous  layers,  still 
forms  a  prominent  feature ;  and  also  from  the  further  fact  of  their 
being  situated  immediately  subjacent  to  the  Coal-measures. 

Having  recently  had  an  opportunity  of  examining  this  group  of 
rocks,  at  various  parts  of  its  extent,  in  the  southern  portion,  under 
the  able  guidance  of  Mr.  D.  C.  Da  vies,  of  Oswestry,  and  in  the  Mold 
district,  in  company  with  Mr.  G.  H.  Morton,  F.G.S.,  of  Liverpool ; 
and  having  subsequently  instituted  some  comparisons  between  them 
and  the  Millstone-grits  of  Lancashire  and  Yorkshire,  with  which  I 
have  had  some  acquaintance  for  several  years  past,  and  also  with  the 
Yoredale  series,  which  I  have  examined  at  various  places,  the  con- 
viction has  forced  itself  upon  me,  that  the  classification  usually 
adopted  with  respect  to  these  sandstones  cannot  be  satisfactorily 
maintained,  whether  viewed  in  relation  to  their  lithological  character, 
strat^raphical  position,  or  to  their  contained  fossils,  but  that  their 
general  characteristics  have  much  more  of  the  Yoredale  type  than  of 
the  Millstone-grit;  I  nevertheless  feel  considerable  diffidence  in 
placing  myself  in  opposition  to  the  authorities  who  have  written  on 
this  subject,  and  particularly  in  dissenting  from  the  conclusions  of 
Mr.  D.  C.  Davies,  who  has  had  extensive  opportunities  of  studying 
this  series  of  beds,  and  who  has  recently  given  expression  to  hb 
views  respecting  them  in  the  pages  of  the  Geolooioal  Magazine.^ 

1  The  Milletone-Grite  of  the  North  Wales  Border,  bj  D.  C.  Dariee,  of  Osweetrj. 
Vol  Tii.,  pp.  68  and  122. 
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In  the  sonthem  portion  of  the  area  occupied  by  these  grits,  pro- 
bably no  one  will  contend  that  the  Carboniferous  series  is  complete, 
for,  separating  the  Mountain  limestone  from  the  Coal-measures  of  that 
district,  only  one  set  of  beds  precisely  similar  in  character,  and 
evidently  belonging  to  the  same  series,  is  found ;  it  therefore  neces- 
sarily follows  that  one  of  the  subdivisions  must  be  abandoned,  and 
the  question  then  arises,  which  of  the  two  shaU  be  given  up,  the 
Millstone-grit  or  the  Toredale  section  ? 

It  is  not  unreasonable  to  suppose  that,  had  the  Yoredale  rodn 
been  entirely  absent  from  this  area,  and  the  Millstone-grits  been 
deposited  immediately  upon  the  surface  of  the  Carboniferous  lime- 
stone, some  evidence  of  this  interruption  to  the  regular  order  of 
things  would  have  been  left  at  the  junction  of  the  two,  either  in  the 
form  of  an  eroded  limestone  surface,  unconformity  of  strata,  or  in 
some  other  unmistakable  way,  representing  the  break  in  time,  and 
the  abrupt  transition  from  a  condition  of  things  in  which  the  cal- 
careous element  predominated,  to  one  in  which  arenaceous  rocks 
were  almost  exclusively  deposited  ;  yet  no  such  sign  exists,  the 
change  from  one  formation'  to  the  other  is  quite  uniform  and 
gradual,  although  the  passage  beds  are  only  thin  and  feebly  repre- 
sented ;  the  limestone  beds  near  the  top  not  only  become  steadily 
more  arenaceous,  and  split  up  into  thin  layers,  intercalated  with 
bands  of  shale,  but  also  exhibit  a  steady  change  of  colour,  from  grey 
through  yellow  and  purplish,  into  the  thin  purple  sandstones  whi(^ 
form  the  base  of  the  overlying  grits,  the  transition  in  both  cases 
being  perfectly  gradual  and  regular.* 

I  had  no  opportunity  of  seeing  a  section  where  the  Coal-measures 
come  on  over  the  grits,  and  am  therefore  unable  to  say  whether  the 
same  remarks  apply  in  this  case  or  not  as  to  the  nature  of  the 
transition  from  one  to  the  other.  I,  however,  observed  that,  in  a 
horizontal  section  given  by  Mr.  Davies  in  the  Gkol.  Mao  ,  VoL  VII. 
p.  69.  Fig.  1,  the  Coal-measures  are  shown  as  resting  unconformably 
upon  the  top  of  the  Oswestry  sandstone ;  and  I  have  also  in  my 
possession  a  sketch  by  the  same  author,  showing  in  a  still  more  pro- 
nounced manner  the  existence  of  an  unconformity  between  the  Coal- 
measures  and  the  subordinate  grits  at  Sweeney  Mountain.  If  this  be 
so  the  arguments  in  favour  of  removing  these  arenaceous  beds  from 
the  Millstone-grit  formation,  and  of  including  them  in  the  Yoredale 
series,  is  greatly  strengthened. 

If  we  next  consider  the  texturo  and  general  character  of  these 
sandstones  we  shall  also  find  that  they  correspond  much  more 
closely  with  the  Yoredale  than  the  Millstone-grits.  In  Lancashire 
and  Yorkshire,  and  indeed  throughout  its  whole  extent  on  both 
flanks  of  the  Penine  chain,  the  usual  characteristic  of  the  last-named 

^  I  here  adopt  the  usual  phraseology  which  represents  the  Carboniferous  limestaw 
and  the  Yoredale  rocks  as  aistinct  formations,  this  is  however  merely  a  coof entioail 
dirision  for  the  convenience  of  classification,  beyond  which  it  has  no  significance. 

'  The  regular  passage  from  the  Limestone  rocks  to  the  overlying  Grit  wiU  te 
rendei^d  apparent  by  oonsultinff  the  two  sections  given  by  D.  0.  Daviee  ia  tte 
GxoLOOiCAL  Maoazotb,  Vol.  VIL,  p.  69,  Fig.  2,  and  p.  70,  Fig.  3. 
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ock  is  that  of  a  Btrong,  masaiye  qnartziferons  grit,  often  oonglo- 
leratio  and  bnt  rarely  fine  or  flaggy.  In  some  cases  it  is  so  com- 
act  that  the  fracture  at  first  glance  presents  somewhat  of  a  granitic 
r  8ub-ciystalline  appearance,  whilst,  on  the  other  hand,  the  Tore- 
kJe  sandiBtones  are  generally  fine-grained,  flaggy,  ripple-marked. 
Town  rocks,  with  which  are  usually  associated  beds  of  black  shale, 
imestone  (not  unfreqnently  earthy  and  somewhat  impure),  and 
ooasionally,  towards  the  north,  with  thin  seams  of  coal,  the  whole 
orming  the  Toredale  series.^ 

If  we  compare  the  Oswestry  sandstones '  with  the  grits  of  Yoredale 
leries  we  shall  find  that  they  ^Etll  in  very  well  generally  with  that 
brmation,  whilst  they  are  wholy  different  io  character  and  appear- 
moe  from  the  Millstone-grits.  It  will  be  observed  that  we  shall  find 
he  similarity  is  still  more  striking  by  instituting  a  comparison 
wtween  the  group  of  beds  resting  upon  the  thick,  buff,  massive 
imestone,  in  the  Mold  district,  and  the  Toredale  rocks,  which  pre- 
ents  the  following  succession  of  strata  in  ascending  order : — Imme- 
liately  over  the  thick  limestone  come  three  or  four  beds  of  fine- 
pained,  brown,  flaggy  grit-rock,  separated  by  beds  of  black  shale, 
he  whole  of  which  gradually  become  more  and  more  calcareous  as 
re  ascend  in  the  series;  upon  these  rest  some  black  shales,  which,  in 
heir  torn,  are  overlaid  by  beds  of  limestone,  about  150  feet  in  thick- 
1688  (which  become  highly  siliceous  at  the  top),  parted  by  layers  of 
>]ack  fossiliferous  shales,  the  whole  surmounted  by  a  sandstone  rock, 
rfaibh  Mr.  Morton  considers  belongs  to  the  Millstone-grit  series ; 
fven  Mr.  Davies,  who,  although  adopting  the  generally-received 
^aasification  of  these  rocks,  appears  to  entertain  some  doubt  as  to  its 
xyirectness,  for,  speaking  of  them  in  the  neighbourhood  of  Mold,  he 
hiLi  expresses  himself : — "  So  rapid  is  the  increase  of  calcareous  matter 
n  the  last  15  miles  that  it  is  difficult,  when  looking  at  the  Mold 
leotion,  to  say  whether  we  have,  as  shown  on  the  Government 
inrrey  maps,  Millstone-grits  with  bands  of  limestone,  or  limestones 
anterstratified  with  beds  of  grit." ' 

The  higher  beds  of  the  thick  limestone  proper  become  arenaceous, 
md  are  charged  with  corals  and  shells  in  such  abundance,  that  in 
lome  places  the  rock  appears  to  be  almost  entirely  composed  of  their 
remains.     No  one  can  examine  a  surface  of  this  rock,  which  has  been 

^  The  following  paMag;e,  extracted  fVom  Phillips's  Geology  of  Yorkshire,  will  serre 

■  gQ  illastration  of  this  subjeot.     In  describing  the  Toredale  series,  at  p.  36,  the 

nthor  obserres — *'  The  Soutnem  series  (Craren)  consists  almosts  entirely  of  argil- 

keeons  laminated  rocks,  locally  changing  to  Limestone  and  Chert,  generally  productire 

of  ironstone,  and  oontaininf  marine  exuyisB.    The  Northern  type  (Teescfale)  consists 

of  the  same  argillaoeons  basis  (less  oalcareons,  and  of  a  coarser  grain),  with  the 

id£tion  of  many  layers  of  Sandstone,  distinct  beds  of  Limestone,  thin  coal  seams, 

ad  sand  j^lants  ;**  see  also  section  at  page  37  of  the  same  work.    Also  at  j^e  6  of 

fti  Memoirs  of  the  Geological  Sonrey  of  North  Derbyshire  and  the  adjoimng  parts 

of  Yorkshire,  by  A.  H.  (men,  F.G.S.,  C.  Le  Nere  Foster,  B.A.,  etc.,  and  J.  B. 

Dikps,  M.A. 

'Bee  section  and  description,  by  A.  H.  Green,  M.A.,  F.G.S.,   of  the  *<  Lower 
Otiboniferons  rocks  of  North  Wales,"  Gbolooioal  Maoazinb,  Vol.  IV.,  p.  12 ;  also 
teription  by  D.  C.  Daries,  Gbolooical  Maoazinb,  Vol.  YII.,  pp.  70  to  72. 
'  QboiiOGIoal  Maoasiits,  YoL  YII.,  p.  73. 
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exposed  for  some  time  to  tlie  weather,  without  being  stmok  with 
the  thought  that  it  musty  at  a  former  period  of  the  world's  histoiy, 
have  formed  a  portion  of  a  great  palnozoio  coral  reef,  thus  famish- 
ing oonolusive  evidenoe  of  a  shallow  sea  and  a  ohange  of  oonditLons, 
and  which  probably  represents  the  first  step  towards  that  complete 
change  which  resulted  in  the  deposition  of  the  arenaceous  stnia 
which  now  rest  upon  this  ancient  sea-beach. 

Then,  again,  if  we  glance  at  the  fossils  discovered  in  the  OswesU'jf 
sandstones,  a  list  of  which,  containing  sixteen  species,  was^ven  l^ 
Mr.  W.  Prosser,  F.G.S.,  in  the  year  1866  (page  110,  VoL  U.  of  the 
QxoL.  Mag.),  to  which  Mr.  D.  C.  Davies  has  subsequently  fdmished 
six  additional  species,  we  shall  find  (with  the  exception  of  the 
doubtful  shell  named  Schizodus)  that  they  are  all  forms  found  in^ 
and  characteristic  of,  the  Carboniferous  Limestone. 

The  fossils  contained  in  the  list  furnished  by  Professor  Phillips, 
in  his  Geology  of  Yorkshire,  and  from  the  Millstone-grits  of  that 
county,  were  principally  derived  from  strata,  which  have,  since  he 
wrote,  been  eliminated  &om  that  formation  by  a  more  reoent  classifi- 
cation, and  included  in  the  Yoredale  series ;  consequently  it  has  no 
longer  any  value  as  determining  the  fauna  pertaining  to  the  Mill- 
stone-grit group. 

In  order  to  afiford  an  opportunity  of  comparing  the  fauna  found  in 
the  shales  interstratified  with  the  Millstone-grits  of  the  Northern 
coimties,  with  that  from  the  grits  on  the  Welsh  border,  before  re- 
ferred to,  I  may  be  allowed  to  quote  the  following  passage,  taken 
from  the  inaugural  address  I  delivered  to  the  Manchester  Creological 
Society  in  November  last.^  '*  The  series  of  grits  and  shales  of  the 
northern  counties,  has  generally  been  considered  as  destitute  of  all 
animal  life ;  more  recent  discoveries  have,  however,  revealed  to  us 
the  fact,  that,  during  the  period  of  their  deposition,  the  co-existing 
fauna  was  by  no  means  limited  either  in  specific  forms  or  individual 
numbers ;  true  it  is  that  the  coarse  sandstones  of  this  series  have 
not  as  yet  yielded  auy  undoubted  examples  of  the  animal  life  of  the 
period.  On  the  other  hand,  the  interbedded  black  carbonaceous 
shales  are  gradually  becoming  known  to  geologists  as  the  receptacles 
of  a  varied  fauna.  From  a  layer  of  cedcareous  nodules  enclosed  in 
a  fossiliferous  bed  of  higher  Millstone-grit  shales,  at  Bough  Lee  in 
Pendle,  I  have  succeeded  in  collecting  five  or  six  species  of  Oonia- 
tites,  two  or  three  of  Orthoceraiitea,  two  of  Posidanomya,  two  of 
Aviculopectenf  together  with  other  forms ;  in  addition  to  which,  the 
late  Mr.  Joseph  Whitaker  of  Burnley  obtained  two  small  Gkistero- 
pods  and  a  fish  tooth  of  the  genus  Cladodua,  More  recently,  Mr. 
Tiddeman  of  the  Geological  Survey,  and  Mr.  James  Eccles  of  Black- 
bum,  have  discovered  abundance  of  encrinital  remains  in  beds  of 
shale  of  this  age ;  the  former  on  the  banks  of  the  Eibble,  near 
Rochester,  and  the  latter  near  Boach  Bridge,  on  the  river  Darwen ; 
and  near  the  same  place,  some  years  ago,  Mr.  Binney  mentions 
meeting  with   Qoniatites  in  a  bed  of  black  shale,  which  is  now 

^  Transactiozii  Manchester  Geological  Society,  Yol.  VII.,  p.  25. 
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agnized  as  belonging  to  this  formation."  From  this  quotation  it 
1  be  evident  that  the  fossilg  found  in  the  llillstone-grit  ghalea  of 
Knahire,  have  a  totally  different  facam  from  those  obtained  from 
Sandstones  of  the  Welsh  border,  the  whole  of  the  former,  with 
haps  the  single  exception  of  the  encrinital  remains,  are  forms 
DDging  to  and  found  in  the  Lower  Coal-measures,  and  also  more 
ringly  in  the  subjaoent  Toredale  shales. 

iinoe  writing  the  principal  part  of  this  paper,  in  looking  about 
information  on  this  subject,  I  have  come  across  the  observations 
Kr.  J.  H.  Green,  M.A.,  F.G.S.,  "  on  the  Lower  Carboniferous 
ks  of  North  Wales,"  who  it  appears  had  arrived  at  a  similar 
idusion,  three  years  ago,^  to  th^  I  had  formed  on  independent 
mnds  as  to  the  age  of  these  rooks.  I  also  notice  that,  in  a  section 
ompanying  a  paper  on  "  PalsBontological  Observations  on  the 
oestones  in  Flintshire,"  by  Mr.  G.  H.  Morton,  F.G.S.,  156  feet 
the  Upper  Mountain  Limestone  is  designated  Toredale  series.* 
y  though  I  may  not  have  been  able  to  adduce  evidence  which  will 
considered  conclusive  as  to  the  Toredale  age  of  the  rocks  in. 
Mtion,  I  trust  I  have  succeeded  in  placing  before  the  readers 
tain  facts  calculated  to  show  that  tiie  conclusions  previously 
ived  at  are  open  to  very  grave  doubts  and  serious  objections,  and 
.t,  at  all  events,  further  and  more  decided  proofs  are  necessary  to 
tifjr  their  retention  as  part  of  the  Millstone-grit  formation. 

IV. — On  Supposed  Pholas  Bubbows  ik  Dsbbyshibs. 

By  T.  O.  BoNNBT,  M.A.,  F.6.S. 

kUBING  a  short  vacation  visit  to  Derbyshire  I  have  had  the 
'  opportunity  of  making  some  further  notes  on  burrows  in 
lestone  rocks,  which  may  be  worth  recording.  These  burrows, 
win.  be  remembered,  have  been  attributed  by  Messrs.  Darbyshire,' 
lokintosh/  and  others,  to  the  action  of  Pholades,  a  conclusion 
ich  I  ventured  to  oppose,  after  an  examination  of  several  instances 
the  neighbourhood  of  Llandudno.^  Mr.  Darbyshire  calls  atten- 
0,  in  his  paper,  to  the  occurrence  of  these  burrows  near  Buxton, 
Grin  Edge  and  Harper  Hill,  at  a  height  of  about  1400  feet 
)ve  the  sea.  I  was  therefore  fully  prepared  to  meet  with  them  in 
)  Carboniferous  Limestone  in  other  parts  of  the  county. 
rhe  first  distinct  case  which  I  observed  was  in  Millers  Dale.  I 
ioended  into  the  valley,  from  the  railway  station,  to  the  road 
dch  runs  along  the  northern  bank  of  the  Wye,  to  Litton  Mills,  and 
rarely  more  than  a  few  feet  above  the  water.  Millers  Dale  in 
s  neighbourhood  is  clearly  an  instance  of  subaerial  aqueous  denu- 
:ion,  a  somewhat  irregular  example  of  the  T  type  of  valleys ;  the 
vest  part  being  at  times  a  well-marked  gorge,  with  precipitous 
es,  and  bed  but  little  wider  than  the  existing  stream.    A  short 

Obolooical  Maoazihb,  YoL  lY.,  P*  11^* 

Traosactionfl  Lirerpool  Geological  Society,  1868  and  1869,  p.  75. 

Lit.  and  Philosoph.  Soc.  of  Manchester,  Memoirs,  Ser.  iii.  toL  iv. 

OioLooiCAL  Maoazinb,  YoL  YII.  p.  47. 

GioiiOOiGAL  Maoazinb^  Yol.  Yl.  p.  483.    See  also  Mr.  Bofe's  paper^  yoL  tiL  ^4* 
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distanoe  below  the  railway  bridge  is  a  small  iim — ''  The  Anglers ; " 
about  a  hundred  yards  beyond  which  I  came  upon  some  well-marked 
burrows.  Hereabout  the  northern  slope  of  tiie  Talley  descends  to 
the  river  as  a  steep  bank  somewhat  broken  by  outcropping  beds  of 
rock.  The  road  to  Litton  Mills  appears  to  be  partly  cut  out  of  this 
slope,  partly  formed  by  an  embankment  constructed  of  the  excavated 
materiaL  Below  it  is  a  very  narrow  slip  of  flat  land ;  then  comes 
the  stream.  The  other  bank  of  this  is  formed  by  a  graasgrown 
talus,  leading  up  to  a  limestone  precipice  of  considerable  height, 
above  which  rise  the  long  slopes  of  the  upper  and  more  open  parts 
of  the  valley, 

The  burrows  were  in  the  upper  part  of  a  low  cliff  or  scarp  of 
limestone  by  the  side  of  the  road,  and  about  four  and  a-half  feet 
above  it  They  were  driven  into  a  stratum  which,  as  it  seemed,  was 
more  affected  by  the  weather  than  the  very  compact  layer  below. 
The  burrowing  animals  appeared  to  have  availed  themselves  of  the 
weathered  parting  of  the  two  beds,  and  had  driven  their  burrows, 
more  or  less  vertically,  into  the  upper  stratum,  from  any  point  where 
they  could  gain  a  "  coigne  of  vantage."  Several  of  the  holes  were 
simply  channels  sunk  into  the  rock,  the  extremities  being  rounded. 
After  carefully  examining  these,  I  am  of  opinion  that  they  have  been 
formed  as  channels  on  Uie  surface,  and  are  not,  as  has  been  sug- 
gested by  Mr.  Bofe,  burrows  partly  exposed  by  weathering.  These 
and  the  burrows,  as  I  have  said,  were  generally  directed  upwards ; 
but  their  axes  were  usually  more  or  less  curved,  and  their  shape 
was  altogether  more  irregular  than  I  have  been  accustomed  to  see  in 
Pholas  holes  ;  in  one  case  two  or  three  distinct  burrows  (as  has  been 
noticed  by  Mr.  Kofe)  radiated  from  a  single  aperture.  In  a  word, 
the  burrows  presented  precisely  the  same  features  as  did  those  to 
which  I  called  attention  in  the  paper  already  mentioned. 

I  saw  some  other  burrows  as  I  went  down  the  Dale,  and  probably 
a  more  careful  search  would  show  them  to  be  abundant ;  for  I  only 
examined  one  or  two  places  where  I  thought  there  was  a  chance  of 
obtaining  some  fresh  facts,  for  this  instance  was  enough  to  suggest 
the  following  difficulties  in  the  Pholas  theory. 


Bough  section  of  lower  part  of  Miller's  Dale. 

(1.)  I  have  a  strong  suspicion,  from  the  general  lie  of  the  valley, 
that  here  the  rock  has  been  artiflcially  scarped  to  make  the  road.  It 
is  of  course  just  possible  that  this  face  may  be  a  natural  cliff,  of  which 
the  roadmakers  have  availed  themselves ;  but  the  annexed  section 
fa  rough  diagram  not  drawn  to  scale)  certainly  suggests  the  contrary. 
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In  many  places  the  rook  is  clearly  scarped,  but  in  this  it  is 
rather  more  weather-worn  than  elsewhere.  Of  course  if  this  cliff 
has  been  formed  by  the  erosive  action  of  pick  and  crowbar,  there 
is  an  end  of  the  Pholas  theory. 

(2.)  But  even  waiving  this  objection,  and  supposing  the  rock-face, 
like  many  others  in  the  valley,  to  be  one  due  to  natural  forces,  is  it 
likely  that  burrows  of  Pholades  should  exist  in  such  a  situation  ? 
The  gorge,  as  I  have  said,  is  one,  if  ever  I  saw  an  example,  of 
Bobaerial  fluviatile  erosion.  The  holes  are  not  a  dozen  feet  above 
the  present  level  of  the  stream.  If,  then,  the  existing  Millers  Dale 
had  ever  been  a  land-locked  fjord,  might  we  not  expect  to  discover 
some  traces  of  the  deposition  which  must  then  have  been  going  on 
from  lateral  streams  ?  I  could  not  see  a  trace  of  a  terrace  of  river 
drift,  and  so  convinced  am  I  that  the  greater  part  (if  not  the  whole) 
of  the  gorge  has  been  cut  out  by.  stream,  rain,  and  frost,  since  Derby- 
shire had  its  last  sea  bath,  that  I  should  as  soon  expect  to  find  a 
whale's  skeleton  in  the  Combe  de  Queyraz,  or  any  other  Alpine  glen, 
as  a  Pholas  burrow  at  the  bottom  of  Millers  Dale. 

Next  day,  while  descending  Salter's  Lane,  towards  Matlock 
Bridge,  I  observed  on  the  pastures  on  either  side  of  the  road  a 
number  of  large  blocks  of  limestone,  many  of  them  from  ten  to 
twenty  cubic  feet  in  contents,  which  no  doubt  mark  the  outcrop  of  a 
bed  differing  somewhat  in  mineral  character  from  those  above  and 
below.  They  form  an  irregular  band  on  the  hill  side,  between  tlie 
npper  and  lower  sheets  of  toadstone,  very  near  to  the  letter  S  on  the 
(Geological  Survey  Map,  The  limestone,  though  compact  internally, 
has  a  soft  chalky  appearance  externally,  and  I  felt  convinced,  from 
its  general  appearance,  that  here,  if  anywhere,  I  should  fine!  burrows. 
It  needed  little  search  to  discover  them,  for  they  were  abundant  on 
either  side  of  the  road.  Here  again,  although  they  were  not  re- 
stricted to  any  one  face  of  the  rocks,  the  burrowing  animals  appeared 
generally  to  have  selected  some  existing  crack,  depression,  or  under- 
side of  a  projection,  as  a  lodgement  in  commencing  their  task.  As 
at  Llandudno,  very  many  were  quite  near  to  the  ground,  and  not  a 
few  were  only  channels,  without  any  signs  of  having  ever  been 
more  deeply  burrowed.  Most  of  them  were  directed  vertically  up- 
wards, but  there  was  just  the  same  iiTCgularity  in  direction  and  in 
section  that  I  have  already  noticed.  One  specimen,  which  now  lies 
before  me,  contains  about  fourteen  or  fifteen  of  these  burrows,  varying 
in  depth  from  barely  half  an  inch  to  nearly  two  and  a-half  inches, 
most  of  which  are  driven  upwards ;  but  so  intricate  are  they,  and  so 
honeycombed  are  some  parts  of  the  rock,  that  no  description,  and 
not  even  a  drawing,  could  give  a  true  notion  of  their  arrangement 
In  several  cases  one  burrow  has  encroached  on  the  party  wall 
which  separated  it  from  another,  so  that  the  two  are  either  thrown 
into  one  for  some  distance,  or  else  joined  by  a  small  circular  aper- 
ture. I  did  not  find  any  helices  in  those  that  I  probed ;  this,  how- 
ever, may  be  due  to  the  season  of  the  year ;  but  after  examining 
these  instances  my  conviction  is  stronger  than  ever  that  no  animal 
of  the  Pholas  form  could  have  produced  such  excavationa,  viViVL*^  ^ 
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Helix,  BnpposiDg  it  to  have  the  power  of  either  ohemiooll;  dinolvii^ 
01  mechanically  abrading  the  stone,  ooolil  readily  have  aooompliahed 
the  work.  I  am  unable  to  state  the  height  of  these  blocks  above  the 
sea,  but  their  position  is  considerably  more  elevated  than  flie  Hi^ 
Tor,  which  rises  about  350  feet  above  the  river  Derwent.  I  submit, 
therefore,  that  by  confirming  my  former  obaervationa  as  to  the  ii- 
legidarity  of  form  and  general  verticality  of  direction  of  theaa 
burrows,  and  by  discovering  them  on  a  scarp,  probably  aitifitaal,  and 
oertainly  at  the  bottom  of  a  gorge  of  subaerial  erosion,  I  have  ahown 
that  the  Pholos  theory  is  untenable. 


V. — NoTX  OH  A  Fbe-Historig  Dwkllinq  akd  Eitghkn-Hisdxh, 

ON  THE  Coast  or  Hasdihqtonsbibx. 

B»  J.  W.  LiiDL*!,  F.8.A.,  F.Q.a, 

IHAVJii  much  pleasure  in  fumiamng  you  with  the  aooompanying 
rough  sketch  of  the  rock  on  which  were  discovered,  some  time 
ago,  the  remains  of  a  building  and  its  "  kitchen- midden,"  belonging  to 
a  remote  period,  and  in  which  you  took  some  interest  in  respect  of  its 
bearing  upon  a  geological  question  of  the  day,  namely,  the  supposed 
rise  of  our  coasts  within  the  hietorical  period.  The  rook  in  question, 
situated  about  three  miles  east  of  North  Berwick,  on  the  south  aide  of 
the  Frith  of  Forth,  is  isolate<l  at  spring-tides,  but  u  not  at  other  time* 
separated  by  the  sea  &om  the  main-brnd.  The  remains  of  former  ages 


PtmnnilB  od  which  P»'Hiitoric  dwell 

BaddingtoiuhL 

found  upon  the  rock,  were,  first,  the  foundations  of  on  ancient  build- 
ing, consisting  of  walls  formed  of  stones,  selected  apparently  tram  the 
neighbouring  beach,  and  joined  together  with  only  earth  or  mod ; 
being  two  to  three  courses  in  height,  but  concealed  till  reoently  b;  a 
thick  coating  of  turf;  a  large  quantity  of  very  rude  pottery  in  foig- 


•P"*  rf  U.e-  IcJ  „  ,u  .,„,. 
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mente,  and,  for  the  most  part,  roaglily  moulded  by  the  hands ;  a 
nmnber  of  implements  of  bone^  snob  as  needles,  arrow-heads,  oombs, 
knives,  chisels,  etc-^  yery  similar  to  those  found  in  the  Swiss  Lakes ; 
a  Yast  quantity  of  bones  of  oxen  (of  several  varieties,  including 
Bo9  Umffifrofu),  sheep,  goats,  deer,  swine,  dc^s,  &o, ;  of  shells,  in 
great  abundance,  especiidly  those  of  the  PateUa  and  Liitorina ;  a  very 
rode  queme,  eta  All  of  these  have  been  deposited  in  the  Museum 
of  the  Society  of  Antiquaries  of  Scotland,  and  are  considered,  by 
those  best  qualified  to  judge,  as  belonging  to  an  age  as  remote  as 
the  Boman  period,  or  perhaps  extending  even  beyond  it ;  an  opinion 
oonfirmed,  perhaps,  by  the  absence  of  every  trace  of  metallic  imple- 
ments, notwithstanding  the  most  diligent  efforts  to  discover  any 
SQch  by  laboriously  sifting  the  whole  of  the  soil,  within  and  about 
the  buUding. 

Now  the  peculiar  geological  interest  of  this  ancient  habitation  oon- 
Bists  in  this :  that  it  lies  on  the  rode,  not  more,  as  to  its  lower  part, 
than  22  or  23  feet  above  high-water  mark  ;  and  assuming,  as  I 
think  we  fairly  may,  that  its  age  extends  beyond  the  historical 
period^  it  certainly  does  seem  to  me  to  furnish  a  very  cogent  argu- 
ment against  the  theory  of  any  material  rise  of  the  land  since-  wat 
time.  Even  as  it  is,  the  spray  during  storms  sweeps  so  unpleasantly 
over  it,  that  it  is  difficult  to  conjecture  why  so  exposed  a  site  should 
be  diosen  for  a  dwelling  at  all.  Were  it,  however,  but  a  little  fur- 
ther depressed  the  sea  would,  in  bad  weather,  make  a  clean  breach 
over  it,  and  render  habitation  there  simply  impossible. 
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(PLATE  X.) 

Pabt  n. 

( Continued  from  the  May  Number,  p.  209.) 

W'E  must  consider  that  the  ice  from  Scotland  and  England  was 
but  a  fraction  of  that  which  entered  the  North  Sea.  The  greater 
part  of  the  ice  of  Scandinavia  must  have  gone  into  this  sea,  and  if 
the  ice  of  our  island  could  not  find  water  sufficiently  deep  in  which 
to  float,  far  less  would  the  much  thicker  ice  of  Scandinavia  do  so. 
The  Scandinavian  ice,  before  it  could  break  up,  would  thus,  like  the 
Scottish  ice,  have  to  cross  the  bed  of  the  North  Sea  and  pass  into 
the  Atlantic.  It  could  not  pass  to  the  north,  nor  to  the  north-west, 
for  the  ocean  in  these  directions  would  be  blocked  up  by  the  Polar 
ioe.  It  is  true  that  in  the  southern  part  of  Norway  there  is  a 
comparatively  deep  trough  of  from  one  to  two  hundred  fathoms, 
extending  along  the  shore.  But  this  is  evidently  not  deep  enough 
to  have  floated  the  Scandinavian  ice-sheet.  But  even  supposing  it 
had  been  sufficiently  deep,  the  floating  ioe  must  find  its  way  to  the 
Atlantic,  and  this  it  could  not  have  done  without  passing  along  the 
coast.  But  its  passage  would  not  only  be  obstructed  by  the  mass  of 
ioe  continually  protruding  into  the  sea  directly  at  right  angles  to  its 
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oourse,  but  it  would  be  met  by  the  still  more  enonnoas  nuuses  of  ice 
coming  off  a  coast  line  of  more  than  700  miles  beyond  the  most 
northern  point  shown  in  the  accompanying  diagram.  And,  befudes 
this,  the  ice  entering  the  Arctic  Ocean  from  Lapland  and  the  northern 
parts  of  Siberia,  except  the  very  small  portion  which  might  find  an 
outlet  into  the  Pacific  through  Behring's  Straits,  would  have  to  pass 
along  the  Scandinavian  coast  in  its  way  to  the  Atlantic.  No  matter 
what  the  depth  of  this  trough  may  have  been,  if  the  ice  from  the 
land,  after  entering  it,  could  not  make  its  escape,  it  would  continue 
to  accumulate  till  the  trough  became  blocked  up;  after  this,  the 
great  mass  from  the  land  would  move  forward  as  though  the  trough 
had  no  existence.  The  only  path  for  the  ice  would  be  by  the  Orkney 
and  Shetland  Islands.  Its  more  direct  and  natural  path  would,  no 
doubt,  bo  to  the  south-west,  in  the  direction  of  our  shores ;  and  in 
all  probability,  had  Scotland  been  a  low  flat  island,  instead  of  being 
a  high  and  mountainous  one,  the  ice  would  have  passed  completely 
over  it.  But  its  moimtainous  character,  and  the  enormous  masses  of 
ice  at  the  time  proceeding  from  its  interior,  would  effectually  prevent 
this,  and  the  ice  of  Scandinavia  would  be  compelled  to  move  round 
by  the  Orkney  Islands.  The  two  huge  masses  of  moving  ice — ^the 
one  from  Scotland  and  the  much  greater  one  from  Scandinavia — 
would  meet  in  the  North  Sea,  probably  not  far  from  our  shores,  and 
would  move,  as  ropresented  in  the  diagram,  side  by  side  northwards 
into  the  Atlantic  as  one  gigantic  glacier. 

This  cannot  be  regarded  as  an  anomalous  state  of  things.  In 
Greenland  and  in  the  Antarctic  continent  the  ice  does  not  break  up 
into  icebergs  on  reaching  the  sea.  It  moves  along  the  sea  bottom  in 
a  continuous  mass  until  it  reaches  water  sufficiently  deep  to  float  it 
It  is  quite  possible  that  the  ice  at  the  present  day  may  nowhere 
traverse  a  distance  of  throe  or  four  hundred  miles  of  sea  bottom,  but 
this  is  wholly  owing  to  the  fact  that  it  finds  water  sufficiently  deep 
to  float  it  before  having  travelled  far.  Were  Baffin's  Bay  and  Davis's 
Straits,  for  example,  as  shallow  as  the  North  Sea,  the  ice  of  Greenland 
would  not  break  up  into  icebergs  in  these  seas,  but  cross  in  one 
continuous  mass  to  and  over  the  American  continent. 

The  medial  line  of  the  Scandinavian  and  Scottish  ice-sheets  would 
be  situated  not  far  from  the  east  coast  of  Scotland.  The  Scandinavian 
ice  would  press  up  as  near  to  our  coast  as  the  resistance  of  the  ice 
from  this  side  permitted.  The  enormous  mass  of  ice  from  Scotland, 
pressing  out  into  the  North  Sea,  would  compel  the  Scandinavian  ice 
to  move  round  by  the  Orkneys,  and  would  also  keep  it  at  some  little 
distance  from  Scotland.  Where,  on  the  other  hand,  there  was  but 
little  resistance  offered  by  ice  from  the  interior  of  this  country  (and 
this  might  be  the  case  along  many  parts  of  the  English  coast),  the 
Scandinavian  ice  might  reach  the  shores,  and  even  overrun  the 
country  for  some  distance  inland. 

There  is  another  cause  which  might  tend  to  force  the  Scandinavian 
ioe  down  in  the  direction  of  our  shores.  The  western  half  of 
Gothland  is  striated  in  the  direction  of  N.E.  and  S.W.,  and  that  this 
has  been  effected  by  a  huge  mass  of  ice  covering  the  country,  and 
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not  by  local  glaciers,  is  apparent  from  the  fact  observed  by  Bol>ert 
Chambers, '  that  the  general  direction  of  the  groovings  and  striaD  on 
the  rocks,  bears  little  or  no  relation  to  the  conformation  of  the 
sor&oe,  showing  that  the  ice  was  of  sufficient  thickness  to  move 
straight  forward,  regardless  of  the  inequalities  of  the  ground. 

At  Gk)ttenbuig,  on  the  shores  of  the  Cattegat,  and  all  around 
Lake  Werner  and  Lake  Wetter,  the  ice-markings  are  of  the  most 
remarkable  character,  indicating  in  the  most  decided  manner  that  the 
ioe  came  from  the  interior  of  the  country  to  the  north-east  in  one 
vast  mass.  All  this  mass  of  ice  must  have  gone  into  the  shallow 
Oattegat,  a  sea  not  sufficiently  deep  to  float  even  an  ordinary  glacier. 
The  ioe  ooming  off  Gothland  would  therefore  cross  the  Cattegat,  and 
thenoe  pass  over  Jutland  into  the  North  Sea.  After  entering  the 
Nordi  Sea,  it  would  be  obliged  to  keep  between  our  shores  and  the 
ioe  coming  direct  from  the  western  side  of  Scandinavia. 

But  this  is  not  all,  a  very  large  proportion  of  the  Scandinavian  ice 
would  pass  into  the  Gulf  of  Bothnia,  where  it  could  not  possibly 
float  It  would  then  move  south  into  the  Baltic  as  land-ice.  After 
passing  down  the  Baltic,  a  portion  of  the  ioe  would  probably  move 
south  into  the  flat  plains  in  the  north  of  (Germany,  but  the  greater 
portion  would  keep  in  the  bed  of  the  Baltic,  and  of  course  turn  to 
the  right  round  the  south  end  of  Gcthland,  and  thence  cross  over 
Denmark  into  the  North  Sea.  That  this  must  have  been  the  path  of 
the  ice  is,  I  think,  obvious  from  the  observations  of  Murchison, 
Chambers,  Horbye,  and  other  geologists.  Sir  Boderick  Murchison 
found — though  he  does  not  attribute  it  to  land-ice — that  the  Aland 
Islands,  which  lie  between  the  Gulf  of  Bothnia  and  the  Baltic,  are 
all  striated  in  a  north  and  south  direction.' 

TTpsala  and  Stockholm,  a  tract  of  flat  country  projecting  for  some 
distance  into  the  Baltic,  is  also  grooved  and  striated,  not  in  the 
direction  that  would  be  eflected  by  ice  coming  from  the  interior  of 
Scandinavia,  but  north  and  south,  in  a  direction  parallel  to  what 
must  have  been  the  course  of  the  ice  moving  down  the  Baltic' 
This  part  of  the  country  must  have  been  striated  by  a  mass  of 
ice  coming  from  the  direction  of  the  Gulf  of  Bothnia.  And  that 
this  mass  must  have  been  great  is  apparent  from  the  fact  that 
Lake  Malar,  which  crosses  the  country  from  east  to  west,  at  right 
angles  to  the  path  of  the  ice,  does  not  seem  to  have  had  any 
influence  in  deflecting  the  icy-stream.  That  the  ice  came  from  the 
north  and  not  from  the  south  is  also  evident  from  the  fact  that  the 
northern  sides  of  rocky  eminences  are  polished,  rounded,  and  ice- 
worn,  while  the  southern  sides  are  comparatively  rough.  The 
northern  banks  of  Lake  Malar,  for  example,  which,  of  course,  face 
the  south,  are  rough,  while  the  southern  banks,  which  must  have 
offered  opposition  to  the  advance  of  the  ice,  are  smoothed  and 
Toonded  in  a  most  singular  manner. 

1  Tracings  of  the  North  of  Europe,  1850,  pp.  48-51. 
'  Q^uurt.  Jour.  Geol.  Soc,  vol.  ii.  p.  364. 

>  Traeings  of  the  North  of  Europe  bv  Robert  Chambers,  pp.  259,  285.  Obserra- 
tioDf  ror  Iflf  phitoom^nes  D* Erosion  en  Norwege,  by  M.  Horoye,  1857. 
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Agam,  that  the  ice,  after  passing  down  the  Baltic,  toined  to  ihe 
light  along  the  southern  end  of  Gothland,  is  shown  by  the  direction 
of  the  strisd  and  ioe-groovings  observed  on  such  islands  as  Gh>tliland, 
Oeland,  and  Bomholm.  Sir  B.  Murohison  found  that  the  island  of 
Gothland  is  grooved  and  striated  in  one  uniform  direction  from  NJS. 
to  S.W.  "These  groovings/'  says  Sir  Boderick,  I'so  perfectly 
resemble  the  flntings  and  striaB  produced  in  the  Alps  by  the  actual 
movement  of  glaciers,  that  neither  M.  Agassiz  nor  any  one  vi  his 
supporters  could  detect  a  di£ference."  He  'concludes,  however,  that 
the  markings  could  not  have  been  made  by  land-ice,  becauBe  Goth- 
land is  not  only  a  low,  flat  island  in  the  middle  of  the  Baltic,  but  is 
"  at  least  400  miles  distant  from  any  elevation  to  which  the  term  of 
mountain  can  be  applied."  This,  of  course,  is  conclusive  against  the 
hypothesis  that  Gothland  and  the  other  idands  of  the  Baltic  could 
have  been  glaciated  by  ordinary  glaciers ;  but  it  b  quite  in  harmony 
with  the  ^eory  that  the  Gulf  of  Bothnia  and  the  entire  Baltic  were 
filled  with  one  continuous  mass  of  land  ice,  derived  from  the  drainage 
of  the  greater  part  of  Sweden,  Lapland,  and  Finland.  In  hct,  the 
whole  glacial  phenomena  of  Scandinavia  are  inexplicable  on  &e 
hypothesis  of  local  glaciers. 

That  the  Baltic  was  completely  filled  by  a  mass  of  ice  moving 
from  the  north  is  further  evidenced  by  the  fact  that  the  makdand, 
not  only  at  Upsala,  but  at  several  places  along  the  coast  of  Gothland, 
is  grooved  and  striated  parallel  to  the  shore,  and  often  at  right 
angles  to  the  markings  of  the  ice  from  the  interior,  showing  that  the 
present  bed  of  the  Baltic  was  not  large  enough  to  contain  the  icy 
stream.  For  example,  along  the  shores  between  Kalmar  and  Earls- 
krona,  as  described  by  Sir  Eoderick  Murchison  and  by  li.  Horbye, 
the  striations  are  parallel  to  the  shore.  Perhaps  the  slight  obstruction 
offered  by  the  island  of  Oeland,  situated  so  close  to  the  shore,  would 
deflect  the  edge  of  the  stream  at  this  point  over  on  the  land.  The 
icy  stream,  after  passing  Earlskrona,  bent  round  to  the  west  along 
the  present  entrance  to  the  Baltic,  and  again  invaded  the  mainland, 
and  crossed  over  the  low  headland  of  Christianstads,  and  thence 
passed  westward  in  the  direetion  of  Zealand. 

This  immense  Baltic  glacier  would  in  all  probability  pass  over 
Denmark,  and  enter  the  North  Sea  somewhere  to  the  noith  of  the 
Biver  Elbe,  and  would  then  have  to  find  an  outlet  to  the  Atlantic 
through  the  English  Channel,  or  pass  in  between  our  eastern  shores 
and  the  mass  from  Gothland  and  the  north-western  shores  of  Europe. 

Taking  all  these  various  considerations  into  account  the  conclusion 
is  inevitable  that  the  gi*eat  masses  of  ice  from  Scotland  would  be 
obliged  to  turn  abruptly  to  the  north,  as  represented  in  the  diagram, 
and  pass  round  into  the  Atlantic  in  the  direction  of  Caithness  and 
the  Orkney  Islands. 

If  the  foregoing  be  a  fair  representation  of  the  state  of  matters,  it 
is  physically  impossible  that  Caithness  could  have  escaped  being 
overridden  by  the  land-ice  of  the  North  Sea.  Caithness,  as  is  well 
known,  is  not  only  a  low,  flat  tract  of  land,  little  elevated  above  the 
sea   level,  and   consequently  never  could   have   supported   large 
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glaciers ;  but,  in  addition,  it  projects  in  the  form  of  a  headland 
aoTOBS  the  very  path  of  the  ioe.  Unless  Caithness  ooiild  have  pro- 
tected itself  by  pushing  into  the  sea  glaciers  of  one  or  two  thousand 
feet  in  thickness,  it  could  not  possibly  have  escaped  the  inroads  of 
the  ice  of  the  North  Sea.  But  Caithness  itself  could  not  have  sup- 
ported glaciers  of  this  magnitude^  neither  could  i^  have  derived  them 
frcan,  the  adjoining  mountainous  regions  of  Sutherland,  for  the  ice  of 
this  oounty  foimd  a  more  direct  outlet  than  along  the  flat  plains  of 
Caithness. 

The  shells  which  the  Boulder-clay  of  Caithness  contains  have  thus 
evidently  been  pushed  out  of  the  bed  of  the  North  Sea  by  the  land- 
ioe  whidi  formed  the  clay  itself. 

The  fact  that  these  shells  aro  not  so  intensely  Arctic  as  those  found 
in  some  other  quarters  of  Scotland  is  no  evidence  that  the  clay  was 
not  formed  during  the  most  severe  part  of  the  glacial  epoch,  for  the 
shells  did  not  live  in  the  North  S^  at  the  time  that  it  was  filled 
with  land-ice.  The  shells  must  have  belonged  to  a  period  prior  to 
the  invasion  of  the  ice,  and  consequently  before  the  cold  had  reached 
its  greatest  intensity.  Neither  is  there  any  necessity  for  supposing 
the  shells  to  be  pre-glacial.  Of  late  a  great  many  ^ts  have  been 
observed  in  connection  with  the  glacial  drift  of  Scotland,  a  number 
of  which  have  not  yet  been  made  public,  that  conclusively  prove, 
finom  the  character  of  the  organic  remains  found,  that  the  glacial 
epoch  must  have  been  broken  up  by  several  periods  of  long  duration, 
when  the  climate  was  mild  and  equable,  if  not  positively  warm.  In 
80  far  as  Scotland  is  concerned,  it  would  be  hazardous  to  conclude 
that  a  plant  or  an  animal  is  either  pro-glacial  or  post-glacial  simply 
because  it  may  happen  not  to  be  of  an  Arctic  or  of  a  Boreal  type. 

The  same  remarks  which  apply  to  Caithness,  apply  to  a  certain 
extent  to  the  headland  at  Fraserburgh.  It,  too,  lay  in  the  path  of 
the  ice,  and  from  the  diroction  of  the  striae  on  the  rocks,  and  the 
presence  of  shells  in  the  clay,  as  described  by  Mr.  Jamieson,  it  bears 
evidence  also  of  having  been  overridden  by  the  land-ice  of  the 
North  Sea. 

In  fact  we  have,  in  the  invasion  of  Caithness  and  the  headland  at 
Fraserburgh  by  the  land  ice  of  the  North  Sea,  a  repetition  of  what 
we  have  seen  took  place  at  Upsala,  Kalmar,  Christianstads,  and  other 
flat  tracts  along  the  sides  of  the  Baltic. 

The  scarcity,  or  perhaps  entire  absence  of  Scandinavian  boulders 
in  the  Caithness  clay,  is  not  in  any  way  unfavourable  to  the  theory, 
for  it  would  only  be  the  left  edge  of  the  North  Sea  glacier  that  could 
possibly  pass  over  Caithness ;  and  this  edge,  as  we  have  seen,  was 
composed  of  the  land-ice  from  Scotland.  We  might  expect,  how- 
ever to  And  Scandinavian  blocks  on  the  Shetland  and  Faroe  Islands. 

The  Shetland  and  Faroe  Islands  Glaciated  by  Land-ice, 
It  is  also  worthy  of  notice  that  the  striae  on  the  rocks  in  the 
Orkney,  Shetland,  and  Faroe  Islands,  all  point  in  the  direction  of 
Scandinavia,  and  are  what  would  be  affected  by  land-ice  moving  in 
the  paths  indicated  in  the  diagram.  And  it  is  a  fact  of  some  signi- 
ficance, that  when  we  prooeed  north  to  Iceland,  the  atrisA,  %«y^ida&% 
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to  the  observations  of  Bobert  Chambers,  seem  to  point  towards 
North  Greenland.  Is  it  possible  that  the  entire  Atlantic,  from 
Scandinavia  to  Greenland,  was  filled  with  land-ice !  Astounding  as 
this  may  at  first  appear,  there  are  several  considerations  wbidi 
render  such  a  conclusion  probable.  The  observations  of  Ghamben, 
Peach,  Hibbert,  Allan,  and  others,  show  that  the  rocky  face  of  the 
Shetland  and  Faroe  Islands  has  been  ground,  polished,  and  striated  in 
a  most  remarkable  manner.  That  this  could  not  have  been  done  by  ice 
belonging  to  the  islands  themselves  is  obvious,  for  these  islands  are  by 
far  too  small  to  have  supported  glaciers  of  any  size,  and  the  smallest 
of  them  are  striated  as  well  as  the  largest.  Besides,  the  imifoim 
direction  of  the  striae  on  the  rocks  shows  that  it  must  have  been 
effected  by  ice  passing  over  the  islands.  That  the  striations  could 
not  have  been  effected  by  floating  icebergs  at  a  time  when  the 
islands  were  submerged  is,  I  think,  equally  obvious,  from  the  &ci 
that  not  only  are  the  tops  of  the  highest  eminences  ice-worn,  bat 
the  entire  surface  down  to  the  present  sea  level  is  smoothed  and 
striated ;  and  these  striations  conform  to  all  the  irregularities  of  the 
surface.  This  last  fact  Mr.  Geikie  has  clearly  shown  is  wholly 
irreconcilable  with  the  floating-ice  theory.^  Mr.  Peach*  found 
verticed  precipices  in  the  Shetlands  grooved  and  striated,  and  the 
same  thing  was  observed  by  Mr.  Thomas  Allan  on  the  Faroe  Islands.' 
That  the  whole  of  these  islands  have  been  glaciated  by  a  continuous 
sheet  of  ice  passing  over  them  was  the  impression  left  on  the  inind 
of  Eobert  Chambers  after  visiting  them.^  This  is  the  theory  which 
alone  explains  all  the  facts.  The  only  difficulty  which  besets  it  is 
the  enormous  thickness  of  the  ice  demanded  by  the  theory.  But 
this  difficulty  is  very  much  diminished  when  we  reflect  that  we  have 
good  evidence,  from  the  thickness  of  icebergs  which  have  been  met 
with  in  the  Southern  Ocean,*  that  the  ice  moving  off  the  Antarctic 
continent  must  be  in  some  places  considerably  over  a  mile  in  thick- 
ness. It  is  then  not  so  surprising  that  the  ice  of  the  glacial  epoch, 
coming  off  Greenland  and  Northern  Europe,  should  not  have  be^ 
able  to  float  in  the  North  Atlantic. 

Why  the  Ice  of  Scotland  toas  of  auch  Enormous  Thickness, 

The  enormous  thickness  of  the  ice  in  Scotland,  during  the  glacial 
epoch,  has  been  a  matter  of  no  little  surprise.  It  is  remarkable  how 
an  island,  not  more  than  100  miles  aci'oss,  should  have  been  covered 
with  a  sheet  of  ice  so  thick  as  to  bury  mountain  ranges -more  than 
1,000  feet  in  height,  situated  almost  at  the  sea- shore,  while  tracts  of 
country  so  near  as  the  south  of  England  and  north  of  France,  should 
have  escaped  glaciation  altogether.  But  all  our  difficulties  disappear 
when  we  reflect  that  the  seas  around  Scotland,  owing  to  tiieir 
shallowness,  were,  during  the  glacial  period,  blocked  up  with  solid 
ice.  Scotland,  Scandinavia,  and  the  North  Sea,  would  form  on© 
immense  table-land  of  ice,  from  1,000  to  2,000  feet  above  the  sea 

^  Glacial  Drift  of  Scotland,  d.  29. 

'  Orolooioal  Magazine,  to).  ii.«  p.  343.    Brit.  Assoc.  Rep.,  1864  (sectionfl),  p.  69. 

•  Trans.  Roy.  Soc.,  £din.,  rol.  vii.,  p.  266. 

*  Tracings  of  Iceland  and  the  Faroe  Islands,  p.  49. 
^  Meteorologml  Papers  published  by  the  Boazd  of  Trade.    No.  12.    1866. 
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level.  This  table-land  would  terminate  in  the  deep  waters  of  the 
Atlantic  by  a  perpendicular  wall  of  ice,  extending  probably  from  the 
west  of  Ireland  away  in  the  direction  of  Iceland.  From  this 
barrier  icebergs  would  be  continually  breaking  off,  rivalling  in 
magnitude  those  which  are  now  to  be  met  with  in  the  Antarctic 
Seas. 

Tjhe  Great  Extension  of  the  Loess  Accounted  For. 

An  effect  which  would  result  from  the  blocking  up  of  the  North 
Sea  with  land-ice,  would  be  that  the  waters  of  the  Ehine,  Elbe,  and 
Thames  would  have  to  find  an  outlet  into  the  Atlantic  through  the 
English  Channel.  Mr.  Gbikie  has  suggested  to  me  that  if  the 
Straits  of  Dover  were  not  then  open — quite  a  possible  thing — or 
were  they  blocked  up  with  land-ice,  say  by  the  great  Baltic  glacier 
crossing  over  from  Denmark,  the  consequence  would  be  that  the 
wttters  of  the  Rhine  and  Elbe  would  be  dammed  back,  and  would 
inundate  all  the  low-lying  tracts  of  country  to  the  south.  This  he 
thinks  might  account  for  the  extraordinary  extension  of  the  Loess  in 
the  basin  of  the  Bhine,  and  in  Belgium  and  the  north  of  France. 

Postscript. — Since  the  foregoing  was  written  I  have  met  with  a 
striking  confirmation  of  the  opinion  expressed,  "  That  the  great  mass 
of  ice  entering  the  Firths  of  Forth  and  Tay  could  not  have  been  less 
than  from  1,000  to  2,000  feet  in  thickness."  One  day  lately,  along 
with  Mr.  James  Bennie,  I  ascended  AUermuir,  one  of  the  hills 
forming  the  northern  termination  of  the  Pentland  range,  and  was 
not  a  little  surprised  to  find  its  summit  ice-worn  and  striated.  The 
top  of  the  hill  is  composed  of  a  compact  porpliyritic  felstone,  which 
is  very  much  broken  up ;  but,  wherever  any  remains  of  the  original 
surface  could  be  seen,  it  was  found  to  be  polished  and  striated  in  a 
most  decided  manner.  The  strieB,  we  found,  were  all  in  one  uniform 
direction,  nearly  eeist  and  west.  On  minutely  examining  the  ice- 
markings  we  had  no  difficulty  whatever  in  determining  that  the  ice 
which  effected  them  came  from  the  west  and  not  from  the  east.  The 
direction  of  the  strisB  clearly  shows  that  these  markings  must  have 
been  made  at  the  time  when,  as  is  well  known,  the  entire  Midland 
Talley  was  filled  with  ice,  coming  from  the  north-west  Highlands. 
On  the  summit  of  the  hill  we  also  found  patches  of  Boulder-clay  in 
hollow  basins  of  the  rock.  At  one  spot  it  was  upwards  of  a  foot 
in  depth,  and  resting  on  the  ice-polished  surface.  The  clay  was 
somewhat  loose  and  sandy,  which  might  be  expected  of  a  layer  so 
thin,  exposed  to  rain,  frost,  and  snow  during  the  long  course  of  ages 
which  must  have  elapsed  since  it  was  deposited  there.  Out  of  100 
pebbles  collected  from  the  clay,  just  as  they  turned  up,  every  one  of 
them,  with  the  exception  of  three  or  four,  composed  of  hard  quartz, 
presented  flattened  and  ice- worn  surfaces  ;  and  forty-four  were  dis- 
tinctly striated;  in  short,  every  stone,  which  was  capable  of  receiv- 
ing scratches  and  of  retaining  them,  was  striated.  A  number  of 
these  stones  must  have  come  from  the  Highlands  to  the  north-west. 

The  height  of  Allermuir  is  1617  feet,  and,  from  its  position,  it  is 
impossible  that  the  ice  could  have  gone  over  its  summit,  wxAfisaii  ^^Hl 
entire  Midland  valley,  at  this  place,  had  been  fiVYed.  V\>ik\fife\ft^^W 
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depth  of  more  than  1,600  feet.  The  hill  is  sitaated  about  four  or  five 
miles  to  the  south  of  Edinbuigh,  and  forms,  as  has  already  been 
stated,  the  northern  termination  of  the  Pentland  range.  Immediately 
to  the  north  lies  the  broad  valley  of  the  Firth  of  Forth,  more  than 
twelve  miles  across,  offering  a  most  free  and  unobstructed  outlet  lor 
the  great  mass  of  ice  coming  along  the  Midland  valley  from  the 
wei9t.  Now,  when  we  reflect  how  easily  ice  can  accommodate  itself 
to  the  inequalities  of  the  channel  along  which  it  moves,  how  it  oaa 
turn  to  the  right  hand  or  to  the  left,  so  as  to  find  for  itself  tlie  path 
of  least  resistance,  it  becomes  obvious  that  the  ice  never  would  have 
gone  over  Allermuir  had  not  only  the  Midland  valley  at  this  p(»nt» 
but  also  the  whole  surrounding  oountry  been  covered  with  one  con- 
tinuous mass  of  ice  to  a  depth  of  more  than  1,600  feet  But  it 
must  not  be  supposed  that  the  height  of  Allermuir  represents  the 
thickness  of  the  ice ;  for  on  ascending  Scald  Law,  a  hill  four  miles 
to  ihe  south-west  of  Allermuir,  and  the  highest  of  the  Pentland 
range,  we  found,  in  the  debris  covering  its  summit,  hundreds  of 
transported  stones  of  all  sizes,  from  one  to  eighteen  inches  in 
diameter.  One  of  them,  a  Greenstone  boulder  about  eighteen  inches 
in  diameter,  which  we  dug  up,  was  finely  polished  and  striated. 
The  height  of  the  hill  is  1,898  feet,  consequently  the  thickness  of 
the  mass  of  ice  covering  the  sarrounding  country,  must  have  been 
at  least  1,900  feet  How  much  thicker  it  was  than  this  I  have 
not  as  yet  had  any  opportunity  of  ascertaining.  But  this  is  not 
alL  Directly  to  the  north  of  the  Pentlands,  in  a  line  nearly  parallel 
with  the  east  coast,  and  at  right  angles  to  the  path  of  ice  from  the 
interior,  there  is  not,  with  the  exception  of  the  solitary  peak  of  East 
Lomond,  and  a  low  hill  or  two  of  the  Sidlaw  range,  an  eminence 
worthy  of  the  name  of  a  hill  nearer  than  the  Orampians  to  the  north 
of  Forfarshire,  distant  upwards  of  60  miles.  This  broad  plain,  ex- 
tending from  almost  the  Southern  Highlands  to  the  Northern,  was 
the  great  channel  through  which  the  ice  of  the  interior  of  Scotland 
found  an  outlet  into  the  North  Sea.  If  the  depth  of  the  ice  in  the 
Firth  of  Forth,  which  forms  the  southern  side  of  this  broad  hollow, 
was  at  least  1,900  feet,  it  is  not  at  all  probable  that  its  depth  in  the 
northern  side,  formed  by  the  Valley  of  Strathmore  and  the  Firth  of 
Tay,  and  which  lay  more  directly  in  the  path  of  the  ice  from  the  North 
Highlands,  could  have  been  less.  Here  we  have  one  vast  glacier, 
more  than  sixty  miles  broad  and  1,900  feet  thick,  coming  from  the 
interior  of  a  country  not  much  over  sixty  miles  distant  Such  a 
breadth  and  thickness  of  a  glacier,  proceeding  from  so  small  an  area 
of  drainage,  is  inconceivable  upon  any  other  hypothesis  than  that 
it  was  dammed  back  by  land-ice  from  Scandinavia  occupying  the 
North  Sea. 

[Note, — The  figures  indicating  the  Q5^  of  latitude,  on  the  right  side 
of  Plate  X.  are  misplaced ;  they  should  have  been  attached  to  the  line 
beneath.  The  line  against  which  they  are  placed  is  intended  to 
indicate  the  course  of  the  ice  across  the  Faroe  Islands.  Also  the 
curved  lines,  indicating  the  path  of  the  ice  from  Scandinavia,  should 
have  extended  down  to  at  least  latitude  55^. — J.  C] 
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YIL — On  ths  Lowsb  Btlubiax  Books  of  Galasexsls. 

Bj  Cramleb  Lafwo&th,  Esq. 
(Omimmd  from  the  Mmy  NwHier^  p,  209.  ^ ) 

(B.)  The  Odla  Oroup,  eonHnued: — 

(8.)  The  Buekholm  Sandstones. — Tkeee  beds  are  oharacteriaed  by 
the  OTidenoe  they  ajSbrd  ef  having  aooumulated  in  shallow  water. 
They  <x>A8ist  generally  of  gritty  grey  waokes  and  light  green  or  red, 
aandy,  incoherent  shales  and  mudstones. 

The  greywackes  are  usually  sohistose  or  thick-bedded,  of  purple 
or  blue  oolours,  and  contain  much  mica;  while  the  shales  are 
exceedingly  arenaceous,  and  are  replaced  at  times  by  beds  of  mud- 
stone  or  finely-levigated  mud-shale,  covered  with  the  trails  of 
Annelides,  or  q>otted  with  little  discolorations,  due  to  the  former 
presence  of  oiganic  matter ;  while  the  whole  set  of  strata  is  marked 
by  its  arenaceous  and  generally  incoherent  character,  and  the  warm- 
coloured  or  rusty  appearance  of  the  rocks,  so  different  from  the  cold, 
hard,  forbidding  aspect  of  the  inferior  strata.  Tet,  in  spite  of  these 
more  inviting  characteristics,  there  are  not  many  fossiliferous  spots, 
though  they  are  far  more  common  than  in  the  beds  below.  These 
beds  are  well  exposed  along  the  flanks  of  Buckholme  and  Meigle  to 
Caddonfoot,  and  thence  in  the  railway  cuttings  to  Thornilee,  and 
are  recognizable  at  once  by  their  peculiar  character  and  the  narrow 
bands  of  white  or  bright-coloured  shale  seen  here  and  there  among 
the  dingier  strata. 

These  beds,  as  might  have  been  expected,  are  by  far  the  most 
varied  in  their  organic  remains,  and  contain  QraptoUtes  priodon,  O. 
Sedgwickii,  principally  proteus,  G.  colonus  (Barr),  G.  turriculaius 
(Bear)  J  O,  exiguus  (Nich.),  which  is  found  in  myriads  in  some  of  the 
beds,  Betiolites  perlatus  (Nich.),  and  Basirites  Linnai  (Barr),  together 
with  some  small  forms  of  Diplograpsus  as  yet  undetermined ;  CrossO' 
podia  Scetica  (M*Coy),  Nereites  Carnhrensis  (Murch.),  Nemertites 
tenuis  (M*Coy),  Trichoidea  amhiguus  (Hark.),  Protichnites  sp,,  Proto- 
virgviaria  Harknessi,  traces  of  the  swimming  paddles  of  Crustacea, 
IHerygotusf  sp.,  Ceratiocaris  (three  species),  Tentacvlites  sp.,  DiscinO' 
earis  Broumiana  (Wood),  Fenestella,  together  with  many  that  are  as 
yet  indeterminable. 

(4.)  Slates  of  Thornilee  and  the  Grieston, — I  have  placed  these 
together  because  of  their  general  similarity  lithologically,  both 
consisting  of  fine-grained  shales,  splitting  into  thin  layers  along  the 
original  lines  of  bedding,  and  from  the  circumstance  that  they  both 
appear  to  be  underlaid  by  the  Buckholm  beds  or  their  representatives, 
and  also  from  the  fact  that  they  both  contain  a  fauna  which  most 
nearly  approaches  that  of  our  higher  beds.  But  I  am  compelled  to 
admit  that  they  may  be  two  distinct  deposits,  separated  by  an 
enormous  interval  of  time.     In  fact,  much  of  the  evidence  points  in 

'  The  Map  of  the  District  described  in  this  paper  accompanied  the  first  part,  and 
win  be  found  in  the  May  Number  (Plate  VIll).— N.B.  In  the  Scale,  of  the  Map 
for  «« 2  milM  to  2  inches,''  read *'2  loil^d  to  1  inph/' 
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the  latter  direction.  The  Thomilee  slates  seem  to  have  been  formed 
in  shallow  water,  and  are  covered  with  tracks  of  Annelides,  cure  often 
of  a  bright  red  or  purple  colour,  show  not  the  slightest  trace  of 
calcareous  matter,  and  contain  exceedingly  few  graptolites.  On  the 
other  hand,  the  Grieston  slates  have  generally  a  greyish  blue 
appearance,  have  few  traces  of  Anneudes,  contain  pockets  of 
calcareous  matter,  in  certain  beds  are  crowded  with  Graptolites,  and 
are  more  than  double  the  thickness  of  those  of  Thomilee. 

We  have  added  nothing  but  Protovirgtdaria  Harhnessi  tothe  fauna 
found  at  Thomilee  by  Professor  Nicol.  These  beds  ar&cut  through 
by  a  couple  of  igneous  dykes,  and  have  been  mudi  disturbed.  They 
can  be  traced  across  the  country  for  many  miles  in  a  N.£.  direction, 
always  associated  with  the  intrusive  dykes. 

In  the  Grieston,  in  addition  to  the  fossils  mentioned  by  Nicol  {G, 
Sedgwtckii,  prtodonj  and  Grtealoniensis),  my  friend,  Mr.  James 
Wilson,  detected  Betiolites  Geimtzianus  (Barr),  and  I  have  now  to 
add  G.  colonus  (Barr),  the  small  variety  of  Dtplograpsus  of  the 
Buckholm  beds,  the  peculiar  sponge-like  reticulated  fossil  of  the 
Abbotsford  greywackes,  associated  with  many  others  whose  identity 
I  have  not  as  yet  sufficient  evidence  to  determine. 

Of  the  beds  that  lie  to  the  north  of  the  Grieston  slates  I  shall  say 
nothing  at  present,  as  they  seem  to  be  entirely  absent  from  th^  GeJm 
district,  and  the  Gala  Group  may  provisionally  be  considered  as 
terminated  by  the  Thomilee  slates,  which  appear  to  form  the  centre 
of  a  synclinal.  Beyond  them  the  beds  to  the  north,  as  a  rule,  have  a 
southward  dip,  and  the  Mofifat  shales  are  no  doubt  brought  up  again, 
as  we  have  found  pieces  of  black  shale  in  the  drift  and  water-laid 
gravel  of  Gala,  containing  pristis,  teretiuscvhtA  (His.),  iamarxBOM — 
all  fossils  of  the  Mofifat  shales. 

Fossils, — ^The  fossils  of  the  Gala  Group  are  exceedingly  rare,  a  careful 
examination  of  every  foot  of  the  more  shaly  strata  for  a  hundred  yarda 
sometimes  failing  to  reveal  even  the  trace  of  an  organism.  Whenever 
the  almost  universal  argillaceous  character  of  the  shales  is  exchanged 
for  one  slightly  more  arenaceous,  then  the  fossils  begin  to  appear, 
and  they  are  found  in  a  thin  sandy  or  micaceous  layer  of  this  kind 
of  a  fraction  of  an  inch  in  thickness,  when  they  are  entirely  absent 
from  all  the  adjacent  strata.  Again,  they  are  never  wholly  absent 
from  the  thin  seams  of  slightly  sandy  carbonaceous  shale  that  are 
more  common  towards  the  base  of  these  deposits.  In  the  finely- 
levigated  shales,  if  we  except  those  of  Buckholm,  they  are  never 
found. 

The  whole  formation  is  remarkably  deficient  in  calcareous  matter. 
A  few  of  the  shales  on  the  Gala  Grit  effervesce  when  treated  with 
acids,  and  there  are  a  few  limy  pockets  in  the  Grieston,  but  not  a 
yard  of  strata  as  yet  exposed  deserves  the  name  of  calcareous. 

The  following  table  shows  the  range  and  distribution  of  the  fossils 
of  the  Gala  Group,  and  I  have  inserted  a  couple  of  additional  colunms, 
the  first  showing  if  the  fossil  be  found  in  the  Coniston  Series ;  the 
second,  if  it  be  present,  in  the  Moffat  Group : — 
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Of  the  YariouB  species  named  in  the  above  list,  Orossapodia  Seatiea, 
Nereitea  Cambrenna,  and  that  peculiar  fossil  Triehaide$  ambigwug^ 
have  all  been  discovered  in  the  Moffat  country,  in  the  quarry  at 
Hunterbeck ;  but,  if  Professor  Harkness  be  correct  in  ascribing  the 
repetition  of  the  Anthracitic  shales  to  great  parallel  flEtults,  these  beds 
may  form  part  of  the  Gtda  series. 

The  presence  of  PeUocaris  apiyehoides  and  Diseifioearis  BrowmUma 
indicate  a  proximity  to  the  Moffat  beds,  but  the  evidence  they  afford 
is  more  than  counterbalanced  by  the  presence  of  CercUioearU  and 
other  allied  Caradoc  forms. 

Frotovirgidaria  Harhnesat  and  the  Ihirypterus  are  peculiar  to  the 
Qala  Group,  and  of  no  value  in  fixing  its  age,  and  thus  we  are  driven 
to  depend  upon  the  well-marked  set  of  Oraptolitid®  for  more  certain 
evidence.  Fortunately,  this  is  very  decided,  and,  taking  this  as  our 
main  guide,  we  notice  the  following  facts : — 

Ist.  That  there  are  two  distinct  and  characteriiBtic  faunas  in  the 
district,  the  one  peculiar  to  the  Black  Shale,  the  other  to  the  Qala 
Group. 

Of  the  thirteen  fossils  tabled  above  as  being  found  in  the  shales, 
every  one  belong  to  the  Moffat  beds,  and  three  are  peculiar  to  that 
formation  (C  eapiUaria,  B,  maximus,  and  8,  mievla),  having  never 
yet  been  found  in  the  Caradoc. 

Above  the  dark  shales  all  are  Coniston  GraptoliteSj  and  at  least 
four  have  never  yet  been  found  below  the  equivalent  of  the  Bala 
Limestone. 

The  foliaceous  species  of  Graptolites  constitute  more  than  a  third 
of  the  fauna  of  the  shales.  Above  the  Anthracitic  schists,  on  the 
contrary  (if  we  except  the  small  form  of  the  Buckholm  beds),  all 
are  mono-prionidian.  This  is,  I  know,  but  negative  evidence ;  but 
the  same  seems  to  obtain  in  Cumberland  also,  where  none  of  the 
Diplograpsi  survive  even  into  the  higher  Coniston  flags.  This 
phenomenon  may,  of  course,  be  due  to  conditions  of  sea-bottom,  and 
can  at  furthest  be  merely  local,  as  both  forms  of  the  Graptolites  expire 
together  in  Barrande's  Upper  Silurian  ;  yet  the  circumstance  is  very 
noteworthy,  and  may  serve  here  or  in  England  to  distinguish  between 
the  higher  and  lower  beds  of  the  series. 

2nd.  The  upper  fauna  is  pre-eminently  of  the  Coniston  or  Bala  typet 

In  the  Abbotsford  Flag,  for  the  first  time  in  the  age  of  the 
Lower  Silurian  of  Scotland,  do  we  meet  with  G.  priodon,  a  fossil  that 
has  never  yet  been  detected  below  the  Caradoc,  proving  at  once  that 
we  are  in  a  superior  division  to  that  of  the  Moffat  series.  G,  colontu, . 
a  Lower  Ludlow  fossil  in  Siluria,  soon  becomes  associated  with  it, 
and  the  two  run  together  to  the  summit  of  the  series,  as  in  the 
Coniston  Group,  proving  the  imity  of  the  whole  deposit  To  these 
that  pretty  little  fossil,  G,  turricfdatus,  is  soon  added.  This  has  only 
been  found  in  Britain  in  the  Coniston  Flag,  and  is  one  of  the  many 
forms  added  to  the  British  GrapiolitidcB  by  Dr.  Nicholson ;  and,  lastly, 
we  have  Betioliies  Geinttzianua,  an  Upper  Silurian  fossil  of  the 
Pentlands  and  Siluria,  till  the  researches  of  Professor  Harkness  and 
Dr.  Nicholson  placed  the  Cumberland  beds  in  the  Upper  Caradoc. 
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Hitis  we  have  four  forms  in  the  Qala  Group  which  have  never 
been  detected  below  the  Bala  beds,  and  are  peculiar  to  the  Garadoc, 
or  found  only  in  that  or  higher  deposits. 

Professor  Sedgwick  and  the  Geological  Survey  of  England  place 
the  Coniston  beds  in  the  Upper  Silurian  ;  but,  even  shoidd  this  turn 
out  to  be  the  correct  theory,  it  will  merely  clench  the  evidence  before 
adduced  to  show  that  the  Gala  beds  must  be  high  in  the  Lower 
Silurian,  and  will  strengthen  the  probability  of  their  forming  part  of 
tfaeCSaradoc 

A  careful  comparison  of  the  list  of  Moffat  fossils  given  by  Mr. 
Hopkinson  in  the  Gvolooioal  Magazine  for  Feb.,  1870,  shows  the 
diear  separation  of  the  Moffat  and  Gala  Series.  Of  the  41  Graptolites 
in  Hopkinson's  list,  8  (f.e.,  Didifmograpsi,  Cladograpsi,  D.  prtsftm- 
/ormiB,  mucranaius,  and  C.  hicomis)  are  peculiar  Llandeilo  forms, 
while  only  16  of  the  Graptolites  of  Mofbt  are  found  in  the  Coniston 
Group — or,  in  other  wonls,  one-third  of  the  Graptolites  of  Moffat 
found  elsewhere  in  Britain  are  peculiar  to  the  iJandeilo.  On  the 
other  hand,  of  the  12  known  species  of  Graptolites  given  above  as 
being  found  in  the  Gala  Group,  4  only  are  common  to  the  Grala  and 
Moffiit  beds,  the  whole  12  have  been  found  in  the  Coniston  series, 
and  4  have  never  been  found  below  the  Caradoc,  while  every  one  is 
an  Upper  Silurian  form  in  Bohemia. 

From  the  description  of  the  rocks  given  in  the  foregoing  pages, 
and  the  list  of  fossils  given  above,  it  is  plain  that  the  whole  set  of 
beds  considered  as  the  Gala  Group  belong  to  one  and  the  same 
formation,  even  if  they  be  properly  separable  into  subordinate 
divisions,  as  they  seem  to  be  in  this  district  The  constant  repetition 
of  greywackes  and  shales,  with  alternating  bands  of  flag  or  tiley 
strata,  all  bearing  a  remarkable  similarity,  renders  it  next  to  impos- 
sible to  distinguish  the  position  of  any  given  bed  here ;  and  where 
the  conditions  of  the  sea  bottom  were  different,  as  they  were  neces- 
sarily in  an  increasing  ratio  as  we  depart  from  the  typical  area,  the 
deposits  mnst  have  taken  place  andor  altogether  different  conditions, 
and  the  chances  are  that  these  divisions  will  be  no  longer  recognizable 
lithologically,  and  we  shall  be  driven  to  depend  upon  fossil  evidence 
alone.  But  here  the  difficulty  is  increased,  and  the  very  facts  that 
prove  so  conclusively  the  unity  of  the  formation,  militate  against  our 
attempt  to  distinguish  its  different  beds.  From  the  Abbotsford 
Greywackes  to  the  summit  of  the  Grieston  Slates  not  a  single  new 
Graptolite  seems  to  make  its  appearance,  and  hardly  a  fossil  appears 
to  have  died  out,  though  a  change  in  the  character  of  the  sea  bottom 
has  introduced  a  swarm  of  Annelides  and  those  fossils  found  in  the 
mud  of  shallow  seas.  Hence,  in  effect,  the  Gala  Gronp  may  collec- 
tively be  considered  as  a  thick  and  almost  inseparable  series  of 
greywackes  and  shales,  superior  to  the  Moffat  Series,  and  of  Caradoc 
age.  The  Gala  Group  is  plainly  recognizable  from  the  description 
given  by  Mr.  Geikie  (Mem.  Geol.  Surv.,  sheet  34),  as  being  present 
in  the  troughs  of  the  strata  along  the  Berwickshire  coast,  where  it 
has  been  rightly  considered  by  him  as  of  Caradoc  age.  It  is  seen 
again  along  the  valley  of  the  Dye  water  (Mem.  G^l.  Surv.,  sheet 
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33) .  The  deBcription  of  the  section  in  this  highly-perplexing  distriot 
shows  a  remarkable  similarity  lithologically  between  the  beoa  of  the 
Lammermuirs  and  those  of  Oala.  It  seems  to  be  present  also  in  the 
oattings  of  the  Caledonian  Kailway  above  Moflfat^  and  the  xiBe  of  the 
sea  bottom,  in  the  upper  pai*t  of  the  serieB,  seems  even  to  have 
extended  to  Barlae. 

From  a  consideration  of  all  these  facts  I  am  of  opinion 

1st.  That  the  Gala  Group  forms  a  well-marked  continnous  sab- 
division  of  the  Lower  Silurian  of  Scotland. 

2nd.  That  it  is  immediately  superior  to  the  Moffiit  schists  in  the 
order  of  these  Lower  Silurians. 

3rd.  That,  in  virtue  of  this  position,  and  by  its  peculiar  fiuma,  it 
is  proved  to  represent  part  of  the  Caradoc  formation  of  Silnria. 

I  have  gratefully  to  acknowledge  repeated  encouragement  and 
help  from  Dr.  Page  and  Mr.  D.  J.  Brown,  and  also  the  obligations  I 
am  under  to  Dr.  H.  A.  Nicholson,  for  assistance,  not  only  from  his 
published  writings,  but  also  in  personal  correspondence. 


3iTOTICES      OIF      IMIEIMIOIDaS. 

On  the  Mode  op  Accumulation  of  the  Drift-deposits  of  the 
West  Riding  of  Yokkshibe.^    By  D.  Mackintosh,  P.G.S. 

After  describing  the  general  characteristics  of  the  Drift-depoeits, 
Mr.  Mackintosh  gave  a  minute  account  of  about  forty  sections 
which  he  had  examined  during  the  previous  six  months.  Upon 
the  varied  phenomena  presented  by  these  sections  he  founded 
his  explanations  of  the  derivation  and  mode  of  accumulation 
of  the  Drifts.  He  described  the  deposits  in  ascending  order,  and 
first  the  "  Greyish  Blue  Clay."  This  has  a  very  uniform  cha- 
racter. Tlie  greater  part  of  it  is  evidently  crushed  or  washed  shale 
and  broken  limestone.  At  least  seven-eighths  of  it  would  appear  to 
have  been  manufactured  out  of  what  may  be  called  the  raw  shale 
and  limestone  of  the  plain  of  Craven  and  ramifying  valleys.  It 
must  have  been  principally  derived  from  the  Lower  Yoredale  and 
Upper  Limestone  Shales.  Tlie  boulders  would  appear  to  have  come 
chiefly  from  the  low-lying  limestones  of  the  Craven  district.  Most 
of  the  stones  found  in  this  clay  are  much  rounded,  as  if  they  had 
been  rolled,  and  not  merely  rubbed  on  one  side.  Ordinary  wave- 
action  on  a  sea  beach  would  appear  to  have  been  a  pnncipal  cause  of 
their  attrition.  Comparatively  few  of  them  are  uniformly  striated. 
The  scratches  run  all  round  the  stones,  and  the  small  grooves  cross 
each  other  at  all  angles.  The  striations,  along  with  the  polished 
surfaces  exhibited  by  these  stones,  can  be  easily  explained  by  the 
irregular  and  repeated  action  of  coast-ice.  To  coast-ico,  laden 
with  boulders,  stones,  and  debris,  and  floating  on  the  surface  of 
oceanic  currents,  we  may  likewise  attribute  the  distribution  of  the 

*  Read  before  the  "West  Bidinf^  Geolorical  and  Polytechnic  Society,  at  their  meet- 
ing held  in  Sheffield,  29th  of  Apnl,  Loid  Whamoliffe  in  the  chair. 
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ooaner  part  of  the  deposit,  which  preflents  the  appearance  of  having 
been  saccessively  dropped  down  on  a  sea-bottom.  Above  and 
axonnd  the  more  stony  accumulations,  we  often  find  a  considerable 
thidcAess  of  rudely-stratified  day,  with  few  or  no  stones,  which  may 
have  been  assorted  by  the  ordinary  action  of  the  sea.  The  idea  that 
the  "blue  day"  was  deposited  after  the  extreme  rigour  of  the 
glacial  climate  had  passed  away,  accords  with  the  opinion  of  Mr. 
Dearies  Y.  Wood,  Jun.,  that  the  drifts  of  the  North-west  of  England 
are  newer  than  those  of  the  South-east.  A  rather  shallow  sea,  as 
the  land  was  gradually  sinking,  and  a  sea  acting  principally  between 
about  300  and  600  feet  above  the  present  sea-level,  would  appear  to 
have  been  the  main  cause  of  the  distribution  of  the  *'blue  clay." 
This  sea  could  not  have  been  much  indebted  to  land-ioa.  sliding 
down  the  hill-sides  or  along  the  valleys,  for  such  ice  would  have 
brought  down  a  supply  of  materials  different  from  those  composing 
the  ''  blue  day."  For  the  underlying  rock  and  the  rock  forming  the 
slopes  and  summits  of  the  hills  above  it,  for  great  distances,  is  often 
Millstone-grit.  We  are  therefore  driven  to  the  conclusion  that  the 
ioe  which  undoubtedly  had  a  share  in  shaping  the  stones  and 
boulders  found  in  the  "  blue  clay  "  was  sea-ice,  coast-ice,  or  ground- 
ice.  Patches  of  a  dark  clay,  probably  of  the  same  age,  with  a 
greater  or  less  per  centage  of  limestone  boulders,  may  be  found  in 
the  Wharfe  valley ;  near  Bipon ;  around  Leeds ;  filling  up  abrupt 
boUows  between  Wakefield  and  Doncaster,  in  a  railway  cutting  near 
Boyston,  <&c. 

The  YeUomsh'hrown  and  Variegated  Clay. — It  is  not  difficult  to 
understand  that  after  the  land  had  subsided  beneath  the  level  which 
cot  off  the  low-lying  source  of  supply  of  the  "blue  clay,"  the  shales 
and  sandstones  of  the  upper  Yoredale  and  Millstone-grit  formations 
composing  the  sides  of  the  valleys  and  table-lands,  would  furnish 
materials  for  the  "  yellowish-brown  clay  "  with  its  boulders.  This 
clay  extends  from  the  bottom  of  the  valleys  up  to  the  highest  sum- 
mite  of  the  moors.  It  contains  very  little  limestone,  generally 
speaking;  and  that  little,  from  the  positions  in  which  it  is  found, 
would  appear  to  have  been  floated  by  ice.  Nine-tenths  of  the 
"  yellow  clay  "  formation  is  local,  and  must  have  been  principally 
washed  out  of  the  hill-sides  where  it  is  found.  At  the  bottoms  of 
the  valleys,  as  at  Bingley,  it  graduates  into  well  rounded  boulder- 
gravel.  During  the  accumulation  of  this  Drift,  the  table-lands  and 
moors  must  have  been  completely  submerged. 

Stratified  Sand  and  Washe-d  Gravel, — ^I'he  "blue  clay"  would  ap- 
pear to  have  undergone  a  certain  amount  of  denudation  before  the 
"yellow  clay"  was  thrown  down  above  it,  as  its  surface  is  generally 
nneven,  and  apparently  eroded.  The  yellow  clay  presents  indica- 
tions of  its  having  been  denuded  before  the  deposition  of  the  sand 
and  gp^vel.  A  part  of  the  sand  may  have  been  derived  from  the 
'•yellow  clay,"  which  is  often  more  or  less  arenaceous,  and  apart 
firom  the  direct  denudation  of  the  local  Carboniferous  grits  and 
sandstones.  The  sand  seldom  rises  higher  than  about  850  or  400 
feet  above  the  present  levd  of  the  sea.    In  the  Aire  valley,  it  is 

vox-  VII.— HO.  Lzxn.  ^V 
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evidently  of  the  same  age  as  the  great  sand  fonnation  of  the 
vale  of  York,  though  in  the  vale  of  York  the  distinction  between 
the  sand  and  stratiiied  gravel  is  generally  better  defined.  Both 
the  sand  and  washed  gravel  contain  boulders,  and  from  their 
position  it  is  evident  that  they  must  have  been  dropped  in.  The 
action  of  floating  ice,  therefore,  could  not  have  ceased  during  the 
deposition  of  the  sand.  During  the  deposition  of  the  sand  there 
would  appear  to  have  been  rapid  currents  in  a  shallow  sea.  The 
deflected  and  eddying  action  of  these  currents  in  peculiar  situations 
would  be  likely  to  leave  an  undulating  surface,  varied  by  abrupt 
eminences.  But  the  undulations  left  by  deposition  must  have  been 
modified  by  contemporaneous  or  subsequent  denudation;  for  on  a 
very  uneven  surface  of  sand  (a  surface  unconformable  to  its  stratifi- 
cation) an  upper  Boulder-clay  was  deposited.  It  may  either  have 
been  derived  from  the  denudation  of  the  yellow  Boulder-day,  or  from 
a  direct  denudation  of  shale  and  rock ;  and  it  is  difficult  to  explain 
its  position  above  the  sand,  without  supposing  a  slight  reversion  in 
the  movement  of  the  land,  or  a  second  partial  subsidence. 

Limits  of  River-Action, — Since  the  Glacial  submergence,  livers 
have  been  occupied  in  cutting  well-defined  channels  in  drift-depositB. 
In  most  parts  of  the  valley  of  the  Aire  they  have  not  yet  got  down 
to  the  solid  rock,  and  there  is  reason  to  believe  that  between  Bingley 
and  Skipton  the  drift  in  some  places  fills  up  hollows  which  at  one 
time  may  have  been  lake-basins.  The  river-deposits  consist  of  small 
pebbles,  never  spread  out  continuously  for  great  distances,  but  con- 
fined to  patches  or  ridges,  and  of  a  nearly  stoneless  sand  and  loam 
deposited  over  considerable  areas.  The  rivers  are  not  giving  rise  to 
boulder-deposits,  or,  with  a  few  exceptions,  to  original  drifts  of  any 
kind.  A  little  investigation  will  show  that  where  patches  of  pebbles 
are  found  in  the  river-channels,  they  have  generally  been  washed 
out  of  boulder-drifts  in  the  immediate  neighbourhood. 


DaSV^IE^WS. 


I. — Flint-Cdips,  a  guide  to  Pre-historic  Archaeology,  as  illustrated 
by  the  Collection  in  the  Blackmore  Museum.  Salisbury.  By 
Edward  T.  Stevens,  Honorary  Curator  of  the  Blackmore 
Museum.     8vo.,  pp.  594.     London  :  Bell  and  Daldy. 

FW  men,  however  public-spirited,  have  shone  out  better  than 
Mr.  William  Blackmore,  the  founder  of  the  ''Blackmore 
Museum,"  the  contents  of  which  have  furnished  the  text  and 
illustrations  for  the  handsome  and  portly  volume  before  us.  Its 
author,  Mr.  Stevens,  the  Honorary  Curator  (who  is  also  the  brother- 
in-law  of  the  Founder  of  the  Museum),  has  been  as  ardent  as  Mr. 
Blackmore  himself  in  carrying  out  the  idea  of  founding  a  Pre- 
historic Museum  in  his  native  city,  the  birthplace  of  several  genera- 
tions of  the  Blackmore  family. 

Here,  assembled  under  one  roof,  in  a  handsomely  decorated  room, 
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with  appropriate  table  and  wall-cases,  are  ezhilnted  in  fonr  great 
gxciipe : — 

L  Remains  of  Animals  found  associated  with  the  works  of  Man. 
U.  Implements  of  stone. 
HL  Implements  of  bronze. 

IV.  Implements,  weapons,  and  ornaments  of  Modem  Savages,  which 
serve  to  throw  light  upon  the  use  of  similar  objects  belonging 
to  pre-historic  times. 

Under  the  first  division  Dr.  H*.  P.  Blackmore  gives  ns  a  clear 
aocomit  of  the  Mammalian  remains  found  in  the  "  Drift  Series '' 
preserved  in  the  Museum.  To  this  is  add^-  the  land,  freshwater, 
and  marine  shells  from  the  vallej  <^  the  Somme,  France;  and  next 
oome  the  Mammalia  from  the  Caves. 

Mr.  Stevens  then  proceeds  to  describe,  in  order  due,  the  collection 
of  the  Stone  age,  dividing  them  into  Ptdaaolithic  and  Neolithic 
groups,  according  to  Sir  John  Lubbock's  classification. 

Under  the  first  we  find  the  Drift  implements  from  the  Somme 
and  Poitou  in  France,  from  the  Norfolk  and  Suffolk  valleys,  from 
Bedford,  Salisbury,  and  numberless  other  localities  in  England: 

Many  good  types  of  each  form  are  exhibited  in  the  cases,  and 
near  them  are  placed  the  implements  in  use  among  modem  savages, 
in  order  to  explain  the  manner  in  which  they  were  used,  and  the 
mode  of  "  hafling  "  or  fixing  them  in  their  bandies. 

Short  accounts  of  the  several  caves  from  which  remains  have  been 
procured  for  the  Museum  are  given,  each  in  its  appropriate  place. 

From  the  Palaeolithic  we  pass  to  the  Neolithic  period.  The 
ancient  pit  dwellings  necu-  Salisbury,  which  the  author  compares  to 
the  SouUrrains  in  the  department  of  Tarn,  Graronne,  Loire,  etc.,  in 
France,  have  also  their  analogues  in  the  underground  Post-houses  in 
certain  parts  of  Bussia  infested  by  mosquitos.^ 

The  modem  use  of  stone  tools,  in  felling  trees,  makmg  canoes, 
and  all  the  numberless  requirements  of  the  hunter  and  fisher  state, 
furnish  matter  of  the  greatest  interest,  as  does  also  the  methods  of 
making  fiint  and  stone  implements,  as  practised  by  the  various  tribes 
of  Indians  and  other  aborigines  in  modem  times. 

From  the  stone  implements  we  pass  pleasantly  along — with  Mr. 
Stevens  for  our  guide — to  the  Ancient  Lake  Dwellings  of  Italy  and 
Switzerland,  the  Shell-mounds  of  Denmark ;  then  to  North  America, 
the  West  Indies,  Central  America,  Mexico;  each  series  of  objects 
from  each  different  region  being  appropriately  illustrated  by  quota- 
tions and  extracts  from  the  best  authorities,  who  have  written  upon 
the  several  countries  and  remains  described;  the  author  being  in 
every  case  credited  with  each  quotation. 

No  subject  treated  of  by  Mr.  Stevens  affords  matter  of  greater 
interest  to  the  geologist  than  that  of  the  general  distribution  of 
atone  implements  throughout  the  world,  showing  that  every  country 
and  people  have,  either  in  modem  or  prehistorio  times,  passed 
through  the  barbaric  palaeolithic  and  neolithic  stages,  and  that  no 

^  See  Mr.  Lord's  account  in  *'  Illostrated  TraTels." 
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natioa  has — so  far  as  we  are  aware — arriyed  at  the  bvonse  ox  mm 
age  save  by  gradual  advancement  in  the  ruder  and  aimpler  arts  ^ 
savage  life. 

The  absence  of  metals  in  one  region  may  have  effdotnally  checked 
their  use,  whilst  in  another  they  may  have  been  diaooTered  and 
worked  from  a  very  remote  antiquity. 

Viewed  by  the  light  afforded  by  such  a  collection  aa  that  contained 
in  the  Blackmore  Museum — so  ably  and  industriously  illustrated  and 
described  by  its  Honorary  Curator  in  the  work  before  us — we  are 
more  strongly  than  ever  impressed  by  the  necessity  of  askiBig  for 
gpreatly  increased  grants  of  time  in  order  that  the  distribatioii  aad 
development  of  the  human  race  should  take  place — aa  we  know  it 
must  have  done — very  gradually,  especially  the  earlier  stagee^  sooh 
as  this  book  is  intended  to  illustrate. 

A  copious  index  is  given,  and  the  objects  treated  of  are  rendered 
even  clearer  still  by  the  addition  of  125  illustrations  distriboted 
through  the  text,  and  also  by  a  plate  of  flint  implements  from 
Honduras,  certainly  the  most  remarkable  heretofore  seen. 

The  illustrations  by  Mr.  G.  B.  De  Wilde»  are  executed  with 
care  and  fidelity. 


n. — Geological  Map  of  Londok,  showing  SmPSBFioiAL  Dbposits. 
Compiled  by  J.  B.  Jordan,  Esq.,  of  the  Mining  Becord  OfBce, 
from  the  Published  Maps  and  Memoirs  of  the  Geological  Survey 
of  England  and  Wales,  and  from  the  Maps  and  Memoir  ao- 
companying  "  Eeports  of  the  Medical  Officer  of  the  Privy  Council, 
1866  to  1867,"  by  E.  W.  Mylnk,  Esq.,  and  W.  Whitakkb,  Esq., 
B.A.     8cale,  one  inch  to  a  mile.    London :  E.  Stanford. 

THE  compiler  of  this  map  has  been  diligent  in  the  library,  and 
has  shown  great  aptitude  in  the  performance  of  certain  pro- 
cesses of  digestion  and  assimilation.  Is  it  possible  that  the  mere 
consultation  of  the  "Reports  of  the  Medical  Officer  of  the  Privy 
Council "  can  have  enabled  him  thus  to  triumph  over  the  toughneas 
of  food  utterly  raw — entirely  uncooked  ?  Our  own  sad  experience 
would  have  led  us  to  predict  a  violent  attack  of  dyspepsia,  and  oor 
"  Medical  Officer  "  would  have  advised  a  walk  into,  let  us  say,  that 
great  north-western  region  which  is  so  monotonously  depicted  as  "t 
stiff  blue  clay  impervious  to  water."  In  the  interests  of  the  pur- 
chasers of  this  map,  we  are  led  to  exclaim.  Would  that  Mr.  Jordan 
were  dyspeptic !  Just  one  "  Journey  due  North  "  would  have  im- 
bued him  with  a  wholesome  scepticism,  and  would  probably  havo 
led  to  the  publication  of  a  map  which  might  more  justly  lay  chdm 
to  the  title  of  a  "  Geological  Map  of  London,  showing  superficist 
deposits." 
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OsoLOGiOAL  Soonrr  of  London. — April  27th,  1870. — ^R.  A.  C. 
Godwin-Austen,  Esq.,  F.B.S.,  Yioo-President,  in  the  Chair.  The 
following  oommunications  were  read: — 1.  "On  the  Species  of 
Ithinoceros  whose  remains  were  discovered  in  a  Fissure-cavem  at 
Oreston  in  1816."    By  George  Busk,  Esq.,  F.R.S.,  F.G.S. 

The  object  of  this  paper  was  to  show  that  the  Bhinoceros,  whose 
remains  were  discovered  by  Mr.  Whidbey  in  a  fissure-cavern  at 
Oreston,  near  Plymouth,  in  the  year  1816,  and  described  by  Sir 
Eveiard  Home  in  the  "Philosophical  Transactions"  for  1817,  be- 
longed, not,  as  has  hitherto  been  supposed  by  every  one  except  the 
kite  Dr.  Falconer,  to  Bhinoeeros  ttcftorJWnus,  but  to  Bh,  lepiorh%nu%, 
Omr.  {B,  m^arJwMM,  Ohristol). 

The  remains  in  question  are  in  the  Museum  of  the  Eoyal  College 
of  Surgeons,  and  consist  of  between  thirty  and  forty  more  or  leas 
broken  portions  of  the  teeth  and  of  numerous  bones  of  the  skeleton. 
The  greater  number  being  hardly  in  a  condition  to  afford  satisfactory 
diagnostic  specific  characters,  the  remarks  in  the  paper  were  limited 
to  the  teeth  and  to  a  perfect  metacarpal  bone,  which  appeared  amply 
•nfScient  for  the  purpose. 

The  teeth  mamly  relied  upon  were  the  first  or  second  upper 
molars  (m'  or  m*)  of  the  right  and  left  sides.  Both  the  teeth  were 
broken,  but  what  was  wanting  in  one  was  supplied  by  the  other. 
The  characters  exhibited  were  shown  to  be  unlike  those  of  B.  Uehh 
rJuMus,  and  quite  in  accordance  with  those  of  B,  leptorhinus.  These 
were  the  thinness  and  smoothness  of  the  enamel,  the  configuration 
of  the  dorsal  surface,  the  form  and  size  of  the  columns,  and  the  dis- 
position and  relations  of  the  "  uncus  *'  and  **pecten  "  (''  crochet "  and 
**  anterior  combing-plate ;")  and  the  consequent  absence  of  the  cha- 
racteristic '*  itchorhine  pit "  or  foasette.  The  less  strongly  marked 
characters  by  which  the  teeth  could  be  distinguished  from  those  of 
JK.  hemitachm,  Falc,  and  B,  etruscus,  Falc,  were  also  pointed  out 

The  metacarpal  bone  selected  for  the  illustration  of  the  diagnosis 
im  9^  inches  Icxig,  and  remarkable  for  the  compression  of  the  shaft, 
and  its  comparative  slendemess,  as  contrasted  with  the  same  bone 
in  JS.  tichorhinus,  specimens  of  which  were  exhibited  on  the  table, 
and  which,  in  no  case  within  the  author's  knowledge,  ever  exceeds 
7^  or  8  inches  in  length,  and  is  proportionately  much  thicker  than 
in  B-  leptorhinus  or  any  other  extinct  species*  The  siase  and  form 
of  the  hooe  also  showed  that  the  species  could  not  be  either  B.  hemi^ 
Ugchus  or  B.  etnucuB,  for  although  the  means  of  direct  comparison 
with  the  third  metacarpal  of  those  species  did  not,  to  the  author's 
knowledge,  exist  in  London,  its  probable  general  dimensions  and 
proportions  could  be  deduced  from  those  of  the  corresp)nding  meta- 
tarKd,  of  which  bone  numerous  specimens  were  available.  It  was 
further  shown  that  the  Oreston  metacarpal  exactly  corresponded 
with  those  of  B.  l^torhinus,  from  Grays  Thurrock,  in  the  British 
Museum. 
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The  determinatioH  of  the  «pecie8  appears  to  be  of  oonfliderabk 
interest,  inasmuch  as  it  affords  an  additional  instance  of  the  ooonr- 
renoe  in  England  of  the  great  southern  Bhiuoceros.  This  is  also 
the  only  example  of  the  discovery  of  that  species,  except  in  riyer  or 
other  deposits,  either  in  this  country  or  on  tiie  continent. 

DisouauON. — The  Ghairman  remarked  that  at  one  time  the  Oreeton  Ekmocwm 
iras  referred  to  H.  tichorhimu^  but  that  Backland,  although  mentioiUDg  the  12^ 
Nooerot,  nerer  gave  it  a  specific  name.  The  Chairman  also  said  that  the  Orsstoa 
fissures  were  not  oayeSf  but  mere. fissures  which  had  been  filled  ini  aa  entire 
•keleten  occurred  at  one  spot,  and  the  animal  must  hare  fallen  in. 

Mr.  Boyd  Dawkins  had  been  struck  by  the  non-tichorhine  charaeter  «f  the 
Oreston  specimens  some  years  since.  He  confirmed  Prof.  Busk's  determiBition, 
and  remarked  that  five  British  species  of  Rhinocarot  are  known,  namely :  1.  R, 
SdkUitrmacheri^  from  the  Red  Crag  of  Su£Folk  (in  the  Miocene  at  Darmsladt) ; 
2.  R.  itnucus,  from  the  Forest  Bed—R,  Merckii  (Yon  Meyer) ;  8.  R,  megarkmrn 
(GhruU>l)=l€ptorhinus  (Cut.)  ;  but  the  latter  name  includes  also  R  Etnueiu  and 
R  hamiUxchus ;  so  that  the  adoption  of  De  Christors  name  gets  rid  of  a  difficult,' 
4.  R  hginitcechua ;  and  6.  R  tichorhinus=B.  aniiquitatis  (JAjuh.). 

Prof.  Busk,  in  reply,  stated  that  Oreston  was  a  fissure-cavern,  and  notioed 
the  successive  openings  in  181^,  1821,  and  1826.  He  did  not  agree  with  Mr. 
Boyd  Dawkins  in  preferring  the  n^me  mt§arhinus  to  Cuvier*s  leptorllum$.  Ho  dii 
Dot  know  of  the  oecurrence  of  two  species  of  Rkinocews  at  Oreston. 

2.  "  On  twcOneissoid  series  in  Nova  Scotia  and  new  Bmnswiok, 
supposed  to  be  the  equivalents  of  the  Huronian  (Cambrian*)  and 
Laurentian."  By  H.  Youle  Hind,  Esq.,  M.A.  Communicated  by 
Prof.  Ramsay,  F.R.^.,  F.G.S. 

This  paper  described  the  relations  of  two  gneissoid  series  in  Kovt 
Scotia  and  New  Brunswick,  which  bave  hitherto  been  regarded  bb 
intrusive  gi-anites  and  syenites,  and  have  been  thus  represented  on 
the  published  geological  maps  of  those  provinces.  The  author  con- 
sidered that  these  gneisses  were  in  the  main  of  Laurentian  age,  the 
Huronian  or  Cambrian  rocks  occurring  only  in  patches  over  a  vast 
area  of  Laurentian  porphyroid  gneiss. 

The  old  gneiss  was  stated  to  be  brought  to  the  surface  by  three 
great  undulations  between  the  Atlantic  coast  of  Nova  Sootia  and 
the  Laurentian  axis  of  America  north  of  the  St.  Lawrence.  These 
axes  were  rudely  parallel  to  one  another,  and  in  the  troughs  whidi 
lay  between  them  the  Silurian,  Devonian,  and  Carboniferous  series 
occurred  in  regular  sequence,  the  New  Brunswick  Coal-field  occu- 
pying the  central  trough.  On  the  line  of  section,  in  the  troughs 
to  the  north-west  and  south-east,  the  Lower  Carboniferous  waa 
stated  to  be  the  highest  rock  series  which  has  escaped  denudation. 

The  gold-bearing  rocks  of  Nova  Scotia  are  of  Lower  Silurian  age, 
and  rest  either  on  Huronian  strata,  or,  where  these  had  been  re- 
moved by  denudation,  on  the  old  Laurentian  gneiss.  The  gold  is 
found  chiefly  in  beds  of  auriferous  quartz  of  contemporaneous  age 
with  the  slates  and  quartzites  composing  the  mass  of  the  series, 
which,  in  Nova  Scotia,  is  12,000  foot  thick;  and  the  auriferous 
beds  are  worked,  in  one  district  or  another,  through  a  vertical  space 
of  6000  feet.  Besides  auriferous  beds  of  quartz,  intercalated  beds 
and  true  veins  are  found  to  yield  gold,  and  are  worked. 

A  series  of  sharp  and  well-defined  anticlinals  ridge  the  province 
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of  Nova  Scotia  from  east  to  west,  while  another  series  of  low  hroad 
•nticlinals  of  much  later  date  have  a  meridional  coarse.  At  the 
intersection  of  these  antiolinals  the  gold  districts  are  situated,  be- 
cause there  denudation  has  best  exposed  the  upturned  edges  of  the 
auriferous  beds  of  quartz,  and  rendered  them  accessible,  sometimes 
exposing  also  the  underlying  gneiss.  Plans  of  Waverley  and  Sher- 
brooke  gold  districts  were  exhibited,  showing  the  outcrop  of  the 
edges  of  the  slates  and  auriferous  beds  of  quartz  in  semi-elliptical 
forms,  with  the  gneiss  at  the  base  of  the  ellipse.  On  this  ground 
it  was  suggested  that  a  correct  mapping  of  the  gneisses  of  Nova 
Scotia  would  have  an  important  influence  on  the  development  of  the 
mineral  resources  of  the  province. 

A  plan  of  some  of  the  lodes  in  the  Waverley  gold  district  showed 
ike  result  of  operations  in  1869,  subsequently  to  the  publication  of 
a  geological  map  and  sections  of  the  district  furnished  to  the  De- 
partment of  Mines  by  the  author  in  1868.  Citations  were  made 
from  the  annual  reports  just  issued  by  the  Chief  Commissioner  of 
Mines  and  of  the  Inspector  of  Mines,  confirming  the  correctness  of 
tiie  author's  plans  exhibiting  the  geological  structure  of  Waverley, 
which  is  a  type  of  all  the  Nova  Scotian  gold  districts. 

DnouBSioN. — Principal  Dawson  spoke  in  eonfirmation  of  the  fact  that  the 
PtdjBozoio  rocks  are  underlain  by  Laurentian  gneiss,  &c.,  quite  to  the  eastern  coast 
of  British  North  America,  and  stated  that  the  same  relation  occurred  in  New- 
foundland, and  had  been  traced  southwards  into  MassochusettB.  He  confirmed 
Mr.  Hind's  yiews  generally,  and  stated  that  the  Lower  Silurian  of  Nova  Scotia 
includes  no  great  foesiliferous  limestone,  like  that  of  the  interior  of  North  America. 
The  supposed  Eozoon^  discovered  by  Dr.  Honeyman,  was  probably  distinct  from  E, 
amadense^  but  was  certainly  a  Foraminiferal  organism  allied  to  Eozoon ;  but  as 
Eoxoon  bohemicum  is  of  later  date  than  E.  canadtnsey  the  presence  of  Eozoon  did 
not  necessarily  indicate  Laurentian  age. 

Prof.  Ramsay  suggested  that  other  organisms  besides  Eozoon  aided  in  building 
up  these  gpreat  calcareous  masses.  He  inquired  as  to  the  mode  of  occurrence  of 
gold,  and  suggested  that  the  gold  is  obtained  at  the  anticlinals  merely  because  the 
exposure  is  better,  and  that  it  will  be  found  to  pervade  the  synclinals  also. 

Mr.  Uenry  Robinson  had  visited  the  Waverley  district  in  company  with  Prof. 
Hind,  in  the  winter  of  1868,  at  which  time  the  mining  on  the  lodes  referred  to  in 
the  map  before  the  Society  was  at  a  standstill,  the  lodes  having  been  lost  by  reason 
of  a  fault.  He  thought  it  was  very  satisfactory  to  find  that  the  explorations  of 
Prof.  Hind,  and  the  theoretical  position  which  he  assigned  to  the  lodes,  bad  been 
completely  verified.  Mr.  Robinson  also  stated  that  gold  is  being  mined  in  the 
synclinals  by  sinking  shafts  and  driving  cross-cuts. 

Mr.  Hind  remarked  that  all  the  Lower  Silurian  in  Nova  Scotia  was  auriferous, 
and  that  the  gold  was  derived  from  the  underlying  Laurentian  rocks.  He  stated 
that  Sir  W.  E.  Logan  had  indicated  an  auriferous  zone  in  the  Laurentian  of 
Canada.  Qold  was  finely  distributed  in  the  slates  of  Nova  Scotia,  as  in  Victoria, 
in  the  neighbourhood  of  lodes,  according  to  Mr.  R.  Brough  Smyth. 

Oeologioal  Society  of  London. — II.  May  11,  1870. — Joseph 
Prestwich,  Esq.,  F.E.S.,  President,  in  the  Chair.  The  following 
communications  were  read: — 1.  "Notes  on  some  specimens  of 
Lower-Silurian  Trilobites."  By  E.  BiUings,  Esq.,  F.G.S.,  Palaeon- 
tologist of  the  Geological  Survey  of  Canada. 

(1)  The  author  first  described  a  specimen  of  Asaphus  platt/ee- 
phalus,  in  which  the  hypostome  was  not  only  preserved  in  8itu,  but 
also  the  remains  (more  or  less  well  preserved)  of  eight  pairs  of  legs, 
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eorresponding  with  the  eight  segmeiiti  of  the  thorazy  to  the  snder- 
nde  of  which  they  had  been  attached.  The  appendages  take  their 
rise  olose  to  the  central  axis  of  each  segment,  and  all  curve  for- 
wards, and  are  thus  most  probably  ambulatory  rather  than  natatoiy 
feet.  They  appear  to  have  had  four  or  five  artioulationa  in  each 
leg. 

Three  small  ovate  tubercles  on  the  pygidium  may  perhi^s  indi- 
cate the  processes  by  which  the  respiratory  feet  were  attached. 

Mr.  BUlings  referred  to  the  large  number  of  Trilobites  which  have 
been  examined,  and  expressed  his  belief  that  only  the  most  perfectly 
preserved  specimens  are  likely  to  have  the  organs  on  the  undenido 
preserved. 

(2)  Mr.  Billings  next  described  the  doublure  or  pleura  in  the  Tri- 
lobi  tes,  comparing  it  to  that  of  Limultu.  He  then  proceeded  to  describe 
a  row  of  small  scars  and  tubercles  on  the  underside  of  the  pleuro, 
to  which  both  Dr.  Volborth  and  Dr.  Eichwald  believed  soft  swim- 
ming feet  or  hard  homy  legs  had  been  attached.  As  these  were 
first  seen  by  Dr.  Pander  in  a  Bussian  Trilobite,  Mr.  Billings  has 
called  them  *'  Panderian  organs."  He  thinks  soft  natatory  appen- 
dages may  have  been  attached  to  these  scars. 

.  (3)  Mr.  Billings  directed  attention  to  the  Protiehntie*  and  CH» 
WMctichniieSj  which  he  thinks  may  now  be  safely  considered  to  be 
the  markings  left  by  Crustacea,  belonging  to  the  division  TriMnUt. 

(4)  Finally,  Mr.  Billings  described  a  section  of  a  roUed-up  Cs/y- 
mene  tenaria,  the  interior  cavity  of  which  appears  to  be  full  of 
minute  ovate  bodies,  from  l-80th  to  1 -100th  of  an  inch  in  diameter. 
These  small  ovate  bodies  the  author  believes  to  be  eggs. 

2.  "  Note  on  the  palpus  and  other  appendages  of  AaapkuSf  from 
the  Trenton  Limestone,  in  the  British  Museum."  By  Henry  Wood- 
ward, Esq.,  F.G.S.,  F.Z.S. 

Mr.  Woodward,  when  comparing  the  Trilobite  sent  over  by  Mr. 
Billings  with  specimens  in  the  British  Museum,  presented  by  Dr.  J. 
J.  Bigsby,  F.R.S.,  discovered,  upon  the  eroded  upper  surface  of  one 
of  these,  not  only  the  hypostome  exposed  to  view,  but  also  three 
pairs  of  appendages,  and  what  he  believes  to  be  the  palpus  of  one  of 
the  maxillad.  This  furnishes  an  additional  fact  to  Mr.  Billings^s  most 
interesting  discovery,  besides  confirming  its  correctness. 

Mr.  Woodward  considers  the  so-called  "  Panderian  organs  "  to  be 
only  the  fulcral  points  upon  which  the  pleursd  move,  and  showed 
that  such  structures  exist  in  most  recent  Crustacea. 

He  considered  that  the  evidence  tended  to  place  the  Trilobita  near 
to,  if  not  in,  the  Isopoda  Normalia. 

He  remarked  that  the  prominence  of  the  hypostome  reminded  one 
strongly  of  that  organ  in  Apua,  and  suggested  that  we  might  fairly 
expect  to  find  that  the  Trilobita  represented  a  more  generalized  type 
of  structirre  than  their  representatives  at  the  present  day,  the  modem 
Isopoda. 

Discussion. — Mr.  Woodward  had  carefully  examined  Mr.  Billinga^a  specimen,  and 
agreed  with  him  in  considering  that  there  was  undonhted  evidence  of  the  presenet 
of  walking-mppendages  under  th«  thcraz.    The  presence  of  snch  limbs  might  d 
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piari  lurpe  btan  «zpeoted ;  md  the  tuttnre  of  the  test  soggesM  tiiat  tlie  TrilobitM 
v«re  walking  rather  than  •wimming  formB  of  Isopods.  The  hranohie  had  pro- 
bably been  under  the  telson  ;  and  this  would  account  for  its  large  deyelopment.  It 
not  more  surprising  to  find  highly  organized  Trilobites  than  it  was  to  And  soeh 
organised  cmttaoeaDS  as  Pterygotus^  Ewryptena^  and  SHmoma  in  the  same 


Prof.  Rnpert  Jooes,  Principal  Dawson,  and  Sir  William  Logan  made  some 
macks,  more  especially  on  Prgtichnites  and  Climactichnites,  the  iHtter  having  been 
tiplainftd  as  galleries  of  Crustacea  by  Prof.  Jones,  when  first  exhibited  in  England. 

3.  ''On  the  Stracture  and  Affinities  of  SigtUaria,  Calamtei,  and 
Cdlamodendron:'  By  J.  W.  Dawson,  LL.D.,  F.E.S.,  F.G.S.,  Princi- 
pal and  Yice-Chanoellor  of  M'Gill  University,  Montreal. 

.  The  object  of  this  paper  was  to  illustrate  the  structure  and  affi- 
nities of  the  genera  above  named,  more  especially  with  reference  to 
the  aathor*8  previous  papers  on  the  ''  Structures  in  Coal,"  and  the 
^'  Conditions  of  Accumulation  of  Coal,"  and  to  furnish  new  facts 
and  conclusions  as  to  the  affinities  of  these  plants. 

With  reference  to  SigtUaria,  a  remarkably  perfect  specimen  of  the 
VDB  of  a  plant  of  this  genus,  ^om  the  Coal-field  of  Nova  Scotia,  was 
described  as  having  a  traversely  laminated  pith  of  the  Stemhergia 
fype,  a  cylinder  of  woody  tissue,  scalariform  internally,  and  reticu- 
lated or  discigerous  externally,  the  tissues  much  resembling  those 
of  Cycads.  Medullary  rays  wore  apparent  in  this  cylinder ;  and  it 
was  traversed  by  obliquely  radiating  bundles  of  scalariform  vessels 
or  fibres  proceeding  to  the  leaves.  Other  specimens  wore  adduced 
to  show  that  the  species  having  this  kind  of  axis  had  a  thick  outer 
bark  of  elongated  or  prosenchymatous  cells.  The  author  stated 
that  Prof.  Williamson  had  enabled  him  to  examine  stems  found  in 
the  Lancashire  Coal-field,  of  the  type  of  Binnoy's  Sigillaria  vascu- 
laris, which  differed  in  some  important  points  of  structure  from  his 
specimens;  and  that  another  specimen,  externally  marked  like 
Sigillaria,  had  been  shown  by  Mr.  Carruthors  to  be  more  akin  to 
Lqndodendron  in  structure.  These  specimens,  as  well  as  the  Sigil- 
hria  elegans,  illustrated  by  Brongniart,  probably  ropr&sented  other 

Xof  Sigillarioid  trees,  and  it  is  not  improbable  that  the  genus  Si- 
ki,  as  usually  understood,  really  includes  several  distinct  generic 
forms.  The  author  had  recognized  six  generic  forms  in  a  previous 
paper,  and  in  his  ''  Acadian  Geology ;"  but  the  type  described  in 
the  present  paper  was  that  which  appeared  to  predominate  in  the 
fossil  Sigillarian  forests  of  Nova  Scotia,  and  also  in  the  mineral 
charcoal  of  the  coal-beds.  This  was  illustrated  by  descriptions  of 
stmctures  occurring  in  erect  and  prostrate  Sigillaria,  on  the  surface 
of  Stembergia-casta,  and  in  the  coal  itself. 

The  erect  Calamiies  of  the  coal  formation  of  Nova  Scotia  illus- 
trate in  a  remarkable  manner  the  exterior  surface  of  the  stems  of 
these  plants,  their  foliage,  their  rhizomata,  their  roots,  and  their 
habit  of  growth.  Their  affinities  were  evidently  with  EquisetaceaB, 
as  Brongniart  and  others  had  maintained,  and  as  Carruthers  and 
Sohimper  had  recently  illustrated.  The  internal  structure  of  these 
plants,  as  shown  by  some  specimens  collected  by  Mr.  Butterworth,  of 
llanchester,  and  soon  to  be  published  by  Prof.  Williamson,  show^ 
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that  the  stems  were  more  advanoed  in  stmotnre  than  those  of 
modem  Eqmseta,  and  enabled  the  author  to  expbtin  the  various 
appearances  presented  by  these  plants,  when  the  external  sur&oe  is 
preserved,  wholly  or  in  part,  and  when  a  cast  of  the  internal  cavity 
alone  remains.  It  was  further  shown  that  the  leaves  of  the  ordinary 
Calamites  are  linear,  angular,  and  transversely  wrinkled,  and  dif- 
ferent from  those  of  the  Asterophyllites  properly  so  called,  thoi^ 
some  species,  as  A,  comosus,  Lindley,  are  leaves  of  Calamites. 

The  Calamodendra,  as  described  by  Cotta,  Binney,  and  others, 
and  further  illustrated  by  specimens  from  Nova  Sootia,  and  by 
several  interesting  and  undescribed  forms  in  the  collection  of  ProL 
Williamson,  are  similar  in  general  plan  of  structure  to  the  Colo- 
mites,  but  much  more  woody  plants ;  and,  if  allied  to  Equisetaoen^ 
are  greatly  more  advanced  in  the  structure  of  the  stem  than  the  mo- 
dem representatives  of  that  order.  Specimens  in  the  collection  of 
Prof.  Williamson  show  forms  intermediate  between  Catamites  and 
Calamodendron,  so  that  possibly  both  may  be  included  in  one  fiunily ; 
but  much  further  information  on  this  subject  is  required.  The 
tissues  of  the  higher  Calamodendra  are  similar  to  those  of  Qymno- 
spermous  plants.  The  wood  or  vascular  matter  of  the  thin- walled 
Calamites  consists  of  multiporous  cells  or  vessels,  in  such  species  as 
have  been  examined. 

In  conclusion,  a  Table  was  exhibited  showing  the  affinities  of 
SigiUaria  on  the  one  hand,  through  Clathraria  and  Syringodendnm 
with  LycopodiacesB ;  and  on  the  other  hand,  through  Calamodendrom 
with  Eqnisetaoese ;  while  in  the  other  direction  they  presented  links 
of  connexion  with  Cycads  and  Conifers. 

Discussion. — Mr.  Carrutbers  expressed  his  thanks  for  the  amount  of  information 
given  by  Dr.  Dawson,  but  was  inclined  to  take  a  somewhat  different  view  on  some 
of  the  points  mentioned.  Some  time  ago  he  had,  in  a  paper  read  to  the  Society, 
deduced  from  the  internal  structure  of  Stigmaria,  the  Toot  of  SigiilaricL,  that  the 
latter  was  a  true  cryptogamous  plant.  -Ho  had  since  met  with  confirmatory  eyidenoe, 
in  a  specimen  of  a  fluted  and  ribbed  SigiUaria^  showing  the  internal  structure  of 
Stigmaria,  Mr.  Baily,  in  Devonian  strata  in  Ireland,  had  found  the  root,  stem, 
branches,  leaves,  and  fruit  of  a  plant  which  could,  with  certainty,  be  correlated. 
The  root  was  a  Stigmaria^  the  stem  a  fluted  Sigillariay  the  branches  and  loMves  lik» 
those  of  Lepidodeudron,  and  the  fruit  that  of  a  cryptogam,  allied  to  Lepidodendnm. 
With  regard  to  the  American  specimens  cited  by  the  author,  he  would  not  apeak 
with  certainty ;  but  he  might  suggest  a  different  interpretation.  The  axis  was  pro- 
bably foreign  to  the  SigiUaria  in  which  is  was  found,  and  was  a  true  ooniferoos  stem 
composed  of  pith,  medullary  sheath,  and  wood  with  medullary  rays,  and  vascular 
bundles  passing  to  the  leaves.  Plants  growing  in  the  interior  of  decayed  sigillarian 
stems  had  been  mistaken  for  organic  piths,  though  they  belonged  to  two  or  three 
genera.  Dr.  Dawson's  estimate  of  Calamites  and  allied  genera  ossenUally  agreed 
with  those  which  he  hold. 

Dr.  Dawson  thought  that  the  views  of  Mr.  Carrutbers  and  his  own  might  poasiUy 
be  reconciled,  but  was  not  prepared  to  admit  that  the  plant  discovered  by  Mr.  Daily 
was  a  true  Sigillaria,  It  belonged,  moreover,  to  the  Devonian  period,  and  not  to 
the  Carboniferous.  He  quite  agreed  with  Mr.  Carrutbers  in  regarding  the  stems  as 
closely  allied  to  gymnosporms.  He  insisted  on  the  layer  at  the  base  of  the  interior 
of  the  trunks  of  the  erect  SigiUaria  affording  evidence  of  the  interior  structure  of 
the  plant,  inasmuch  as  it  consisted  of  the  compressed  and  decayed  inner  tissues  of 
the  tree.  It  was  curious  that  similar  specimens  had  not  been  found  in  England;  but 
the  structurea  of  these  plants  certainly  oooor  in  the  English  coal,  which,  IUlo  thM  «f 
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fofa  Seoiim,  nsto  on  Sttgrncaria-vai^niajB ;  «nd  ihero  waro  other  Instanoei  of  troat 
^ng  eommoii  in  the  Coal-measnres  of  Nova  Scotia  which  were  extremely  rare  in 
Sng&nd ;  and  the  lanw  diserepancies  were  found  between  different  American  ooal- 


4.  **  Notes  OB  the  Geolc^  of  Arisaig,  Nova  Scotia.**  By  the  Bev. 
).  Honeyman,  D.€.L.,  F.G.8. 

The  author  referred  to  a  preyioos  paper  on  the  Upper  Silurian 
looks  of  Nova  Scotia,  which  he  stated  appeared  to  him  now  to  be 
generally  repetitions  of  his  Arisaig  series,  fie  noticed  the  ocour- 
enoe  of  fossils  in  one  of  the  beds  previously  supposed  to  be  almost 
testitute  of  oiganic  remains,  and  described  the  occurrence,  in  Arisaig 
ownidiip,  of  a  band  of  crystalline  rocks  which  appeared  to  contain 
Socoofi  and  which  was  probably  of  Laurentian  age.  A  note  from 
?toL  Rupert  Jones,  giving  an  account  of  the  fossils  referred  to  by 
)r.  Honeyman,  was  also  read 

IhBODsnoir.—Sir  W.  Logan  said  that  Dr.  Hont  had  seen  the  Bpeeimene  of  eer- 
•ntinnona  limestone,  and  considered  that  they  might  he  Laurentian.  Sections  of 
hem  appeared  to  Dr.  Dawson  to  show  tabulation  rather  di£ferent  from  that  found 
II  Laurentian  £ogo<m.    They  might,  therefore,  belong  to  a  di£Ferent  age. 


Edikburoh  Gsolooioal  SoonETT. — At  a  meeting  of  this  Society, 
leld  on  the  3rd  of  March  (A.  Geikie,  Esq.,  F.R.S.,  <^c..  President,  in 
he  chair),  the  following  communications  were  read : — ^I.  Notes  on 
he  Geological  Features  of  the  Upper  Coal  Basin  of  the  Firth  of 
^'orth.  By  Henry  Cadell,  Esq. — The  district  embraced  in  the  paper 
OLtended  from  Blackness  £^d  Charleston  on  the  east  to  Grangemouth 
md  Eincardine-on-Forth  on  the  west.  In  that  district,  on  the  south 
»f  the  Forth,  there  are  indications  that  coal  has  been  worked  in  it  for 
leveral  centuries.  Along  the  shore  a  number  of  beds  of  trap  were 
leen  capping  eminences,  and  generally  dipping  to  the  westward,  and 
he  author  exhibited  a  section  in  which  a  seam  of  coal  from  eight  to 
en  feet  thick  had  been  burned  out  by  the  trap,  and  others  were  so 
njnred  as  to  be  quite  unworkable.  On  the  north  side  of  the  Forth 
I  g^at  many  traces  of  old  coal  workings  were  found,  which  for  the 
ast  half  century  had  been  abandoned.  The  old  quaint  burgh  of 
3ulross  was  in  former  times  a  flourishing  town  from  its  coal  mines 
tnd  salt  works.  His  impression  was  that  most  of  these  trap  beds 
lad  been  deposited  as  lava  during  the  formation  of  the  Coal-measures, 
Ithough  in  some  cases  they  may  have  been  injected  into  the  strata. 
Lccompanying  these  beds  of  trap  there  is  generally  either  above  or 
>elow  a  bed  of  what  is  called  "culmstone,"  which  is  a  white  or 
ream-coloured,  smooth,  argillaceous  stone.  This  appears  to  have 
»een  either  fireclay  or  shale  burnt  by  the  trap,  and  frequently 
leneath  these  trap  beds  are  one  or  more  thin  beds  of  intensely  hard 
iliceous  sandstone,  which  most  probabl}'  has  been  indurated  by  the 
dcinity  of  the  trap.  Of  fossil  remains,  a  few  good  specimens  have 
teen  found  in  the  sandstones  and  shales. — Mr.  Geikie  expressed  the 
bligations  of  the  society  to  Mr.  Cadell  for  his  paper,  though  he  was 
iisposed  to  disagree  with  him  in  reference  to  some  of  his  remarks. 
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He  spedally  noticed  Mr.  Cadell's  observations  with  reference  to  the 
influence  of  the  traps.  His  own  feeling  was  that,  especially  as 
regarded  the  coals  that  underlay  and  were  associated  with  the  trap 
in  the  west  part  of  the  Charleston  field,  he  could  not  think  there 
was  any  evidence,  although  the  coals  were  poor,  that  they  had  been 
altered  or  burned  by  the  influence  of  these  igneous  masses.  On  the 
contrary,  in  a  number  of  cases,  especially  in  the  sinking  of  one  pit 
which  he  mentioned,  they  found  a  mass  of  coal  lying  in  the  very 
heart  of  some  of  these  traps. — 2.  On  the  Lower  Silurian  Bocks  m 
the  neighbourhood  of  Galashiels  ;  illustrated  with  typical  spedmens 
of  the  fossils  found  in  these  rocks.     By  Charles  Lapwwrth,  Saq/ 


Glasgow  Geological  Soaimn. — I.  Ordinary  meeting,  Ifait^ 
3rd ;  Edward  Wiinch,  Esq.,  Vice-president,  in  the  chair. 
.  Mr.  Thos.  Barclay  exhibited  pieces  of  the  branches  of  silioified 
palm  trees,  which  he  had  collected  for  the  society's  museum  during  a 
recent  visit  to  Lower  Egypt.  They  were  obtained  in  the  neighbour* 
hood  of  Cairo,  where  there  exists  the  remains  of  an  extensive 
forest,  which  during  tlie  Tertiary  period  had  become  submerged,  and 
the  vegetable  matter  having  decomposed  slowly,  its  substance  had 
been  replaced  by  silex,  with  which  the  waters  had  been  charged. 
The  specimens  displayed  the  vegetable  structure  as  perfectly  as  in 
the  original  plant 

Mr.  John  Young  read  a  paper  "  On  the  occurrence  of  the  remains 
of  Carboniferous  fishes  in  certain  thin  beds  of  indurated  shale  that 
lie  between  sheets  of  igneous  trap,  composing  the  Kilpatrick  range 
of  hills  at  Auchentorlie,  near  Bowling.'^  His  attention  was  first 
directed  to  this  shale  by  the  late  Mr.  Alexander  Currie,  of  Bowling, 
and  in  one  of  its  layers  he  had  since  discovered  scales,  teeth,  and 
ooprolites  of  at  least  two  genera  of  Carboniferous  fishes — Palaonis' 
CU8  and  Amhlypterua,  It  crops  out  upon  the  hill-side,  at  an  elevation 
of  600  feet  above  sea-level — being  on  nearly  the  same  geological 
horizon,  and  lying  between  the  same  beds  of  trap  as  the  seam  of 
peaty  coal  and  shale  beds  formerly  discovered  by  Mr.  Currie,  and 
ciescribed  by  him  in  a  paper  published  a  few  years  ago  in  the  Trans- 
actions of  the  society.  Mr.  Young  referred  to  the  satisfactory 
evidence  afforded  by  the  discovery  of  these  coal  and  shale  beds  in 
clearly  establishing  the  Carboniferous  age  of  that  long  chain  of 
Trappean  hills  which  stretch  along  the  north-western  border  of  our 
ooabKolds  from  Ardrossan  to  near  Stirling.  Mr.  Young  also  read  a 
paper  '*  On  a  supposed  old  river-channel,  buried  under  recent  drifts, 
extending  from  Kilsyth  to  the  Clyde."  Criticising  Mr.  CroU's  paper, 
published  in  the  Transactions  of  the  Edinburgh  G^logical  Society, 
(see  Geological  Magazine  for  May,  p.  233,)  he  confined  his  remarks 
to  the  western  division  of  the  basin,  namely,  that  extending  from 
Kilsyth  to  the  Clyde,  for  the  purpose  of  showing  that  this  deejp 
trough  could  not  have  been  scooped  out  by  river  action,  nor  could  it 

>  This  paper  bas  appeared  in  the  Qbologioal  Maoazini.    See  the  Ilumben  Un 
If  ay  and  J  une  of  thia  year,  pp.  204  and  279. 


OUugaw  Geological  Society.  297 

awe  entered  the  Clyde  at  Bowling,  and  from  thence  downward  con- 
inaonfilj  to  the  sea  at  a  depth  of  more  than  200  feet  below  the 
resent  sea-leveL  Mr.  Croll,  in  aasoming  that  this  great  deep 
rough,  which  extends  along  the  course  of  the  Kelvin  valley,  and 
lao  np  the  valley  of  the  Clyde  to  above  Glasgow,  was  scooped  oat 
J  river  action,  seems  to  have  lost  sight  of  the  fact  that  on  both 
Ides  of  the  river  Clyde,  extending  from  Erskine  Ferry  to  below 
lowling,  the  trap  rock  comes  close  to  the  shores  of  the  river  along 
hiB  tract,  narrowing  and  forming  the  comparatively  shallow  bed  of 
be  channel  which  the  Clyde  Trustees  have  been  engaged  deepening 
(NT  years.  This  sunken  trap  ridge  of  Carboniferous  age  is  a  con- 
innation  of  that  forming  the  Kilpatrick  and  Renfrewshire  range  of 
jlls.  Mr.  Toong  next  pointed  out  that  this  low  ridge  of  rock 
ionld  form  a  barrier  across  the  Clyde  valley  at  this  point ;  and  if, 
•  Mr.  Croll  supposes,  the  land  there  stood  200  or  300  feet  above  the 
oneaent  sea-level,  he  ^Mr.  Young)  could  not  see  how  the  waters  of 
he  Clyde,  into  whicui  the  Kelvin,  Cart,  and  other  streams  flow, 
oold  ever  have  reached  the  sea  outside  until  they  reached  the 
keight  of  the  lowest  portion  of  this  rock-barrier  at  Bowling;  nor 
oud  the  sea»  even  at  a  later  period,  ever  have  obtained  access  into 
he  upper  reaches  of  the  Clyde,  eastward  of  the  barrier,  until 
hie  rocky  ridge  was  depressed  beneath  the  sea-level,  which  was 
mobably  during  the  Glacial  period,  and  in  which  there  is  evi- 
lence,  from  the  marine  shells  found  at  Paisley  and  elsewhere, 
hat  marine  conditions  prevailed,  in  reaches  of  the  Clyde  east- 
ward of  Uie  barrier,  as  far  up  the  river  as  Glasgow.  At  present 
hie  barrier  at  Bowling  has  been  reduced  by  erosion  and  man's 
^ncy  to  a  depth  of  from  twenty  to  thirty  feet  below  the 
evel  of  the  river,  but  it  must  be  at  least  still  200  feet  above  the 
K>ttom  of  the  deep  rock  basin  which  stretches  eastward  up  the 
Syde  and  Kelvin  valleys,  as  revealed  by  the  bores.  Mr.  Young 
howed  that  this  rock-basin,  previous  to  its  being  filled  up  by  recent 
ediments,  must  have  existed  as  a  deep  lake,  whose  waters  stood  on  a 
evel  with  that  of  the  barrier,  just  as  the  present  barrier  at  the 
aouth  of  Loch  Lomond  determines  the  height  of  its  waters  above 
hat  of  the  sea.  Mr.  Young  further  stxited  that  a  river  flowing 
restward  from  the  watershed  at  Kilsyth,  along  the  valley  of  the 
Kelvin,  would,  supposing  it  could  be  cleared  out  of  its  present 
nrface  deposits,  have  only  to  run  down  a  sloping  channel  to  the 
lepth  of  100  feet,  when  it  would  have  entered  the  great  lake,  whose 
lottom  at  many  places  was  more  than  300  feet  below  the  level  of 
he  above  watershed,  and  whose  waters,  while  the  land  stood  higher, 
rould  always  be  on  the  level  of  the  barrier  at  Bowling. 

n.  Ordinary  meeting,  April  14th. — Prof.  J.  Young,  M.D.,  F.G.S., 
ko..  President,  in  the  chair. — Mr.  J.  Croll  communicated  a  letter  in 
eference  to  some  remarks  recently  made  by  Mr.  John  Young  on  his 
laper,  entitled,  ''On  two  river-channels  buried  under  drift,"  &a 
ir.  Young  had  stated  that  the  deep  hollow  which  he  (Mr.  CroU)  had 
tvery  reason  to  believe  was  the  ancient  bed  of  the  Kelvin,  was 
aoertained  by  a  bore  at  Drumry  to  be  no  less  than  230  feet  below 
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tbe  present  sea  le^el ;  and  tbat  for  several  miles  to  the  east  and  west 
of  this  plaoe  it  was  nearly  as  deep.  Consequently,  if  this  hollow 
was  an  old  river  channel,  it  must  enter  the  Clyde  somewhere  near 
to  Bowling,  at  a  depth,  below  the  present  sea  level,  of  upwards  of 
200  feet,  and,  **  if  so,  then  it  followed  that  the  rocky  bed  of  ^ 
ancient  Clyde  must  be  buried  under  more  than  200  feet  of  surface 
deposits,  from  Bowling  downwards  to  the  sea."  Nothing  was 
inferred  by  Mr.  CroU  regarding  what  may  have  been  the  oondition 
of  the  Clyde  above  Bowling,  consequently  Mr.  Young's  objections, 
grounded  upon  the  supposition  of  a  rocky  barrier  crossing  the  Clyde 
below  firskine  Ferry,  had  absolutely  nothing  to  do  with  the  question 
at  issue. 

Mr.  James  Geikie,  vice-President,  then  made  a  few  remarks,  stat- 
ing that  he  had  visited  the  localities  mentioned  in  Mr.  CrolPs  letter, 
and  that  ho  objected  to  some  of  Mr.  Young's  statements.  It  was  not 
the  case  that  trap-rock  occurred  in  the  bed  of  the  Clyde  at  Erskine 
Ferry,  neither  did  it  come  close  to  the  shores  of  the  river  at  this 
place  so  as  to  narrow  the  channel ;  and,  as  no  rock  was  met  vrith 
between  this  point  and  the  sea,  it  was  quite  gratuitous  to  assume  that 
the  river  flowed  over  a  shallow  rocky  bed.  Neither  in  bores  nor  in 
dredgings  had  anything  save  mud,  sand,  clay,  and  gravel  been  met 
with  in  the  Channel  of  the  Clyde,  between  Erskine  Ferry  and 
Bowling.  Tbe  fact  was  that  the  hills  only  approached  close  to  the 
river  at  fiowling,  and  even  here  there  was  sufficient  room  between 
the  lip  of  the  river  and  where  the  rock  appeared  on  the  southern 
shore  for  a  broad  river  channel  to  be  buried.  Mr.  Geikie  had  pro- 
tracted the  slopes  of  the  hills  at  Bowling,  and  found  that,  by  con- 
tinuing the  angle  formed  by  the  inclination  of  the  hills  on  both 
sides,  we  could  not  have  a  less  depth  than  fi*om  250  feet  to  280  feet 
of  drift  deposits  lying  in  the  centre  of  the  valley  at  this  place.  This 
result  fully  bore  out  the  conclusions  airived  at  by  Mr.  CroU  in  his 
paper.  Mr.  Geikie  then  went  on  to  say  that  the  only  plaoe  where 
rock  actually  occurred  in  the  bed  of  the  Clyde  was  at  Elderslie,  near 
Renfrew  FeiTy.  Mr.  Deas,  resident  enp^ineer  to  the  Trustees  of  the 
Clyde  Navigation,  had  kindly  allowed  him  to  inspect  the  charts  and 
bores  in  his  office,  and  from  these  it  was  apparent  that  at  Elderslie 
the  river  flowed  a  short  distance  upon  rock.  This  rock  was  part 
of  a  bed  of  dolerite  intruded  among  sedimentary  strata  of  Carbon- 
iferous limestone  age,  and  Mr.  Young  was  wrong  in  supposing  that 
it  belonged  to  the  Trappean  series  of  the  Kilpatrick  and  Renfrewshire 
hills.  The  mere  fact  of  rock  crossing  the  river  at  Elderslie  was  no 
proof  whatever  for  the  existence  of  any  such  rocky  barrier  as  that 
imagined  by  Mr.  Young.  The  alluvial  and  drift  deposits  stretched 
far  away  to  the  south  and  north  of  Renfrew  Ferry,  and  all  over  that 
broad  haugh-land  no  rock  appeared. 

Mr.  John  Young,  in  reply,  explained  that  the  main  point  he 
wished  in  his  former  remarks  to  establish  had  been  that  Mr.  CroU, 
in  the  map  attached  to  his  paper,  made  the  channel  of  the  Kelvin 
open  into  the  Clyde  at  Bowling  as  a  deep  river  gorge,  whereas  be 
(Mr.  Young)  contended  that  neither  the  Clyde  nor  Kelvin  oonld 
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have  flowed  continaonslj  to  the  sea,  tbrongb  a  deep  gorge  in  the  line 
of  the  indicated  channel,  at  a  depth  of  more  than  230  feet  below  the 
present  level  of  the  sea.  Mr.  Geikie  and  Mr.  Croll  assert  that  there 
are  no  barriers  of  trap  or  other  rock  across  the  Clyde,  above  or  at 
Bowling,  which  could  shut  in  the  waters  of  the  Clyde  and  Kelvin  so 
as  to  prevent  them  from  getting  to  the  sea  at  the  depth  above- 
mentioned.  Mr.  Young  said  that  he  had  made  some  inquiries  of 
parties  who  know  the  ground  intimately  as  to  the  nature  of  these 
Darners,  and  they  assert  that  the  first  or  highest  barrier  of  trap  goes 
right  across  the  river  at  Elderslie.  Mr.  Young  considered  that 
Messrs.  Croll  and  Geikie  had  failed  to  point  out,  either  on  the  north 
or  south  side  of  the  present  channel,  any  deep  rock -gorge  sufficient 
to  drain  the  old  lake  basin  extending  up  the  Kelvin  and  Clyde. 
Again,  there  is  evidence  for  the  borings  put  down  befow  Paisley  and 
this  portion  of  the  Clyde,  where  there  is  a  large  tract  of  com- 
paratively level  land,  that  the  old  lake  bottom  shallows  somewhat 
rapidly  in  this  direction.  Indeed,  he  considered  that  if  a  buried 
river  channel  ever  had  any  existence,  it  could  not  have  been  over  the 
line  of  ground  indicated  by  Mr.  Croll. 

Mr.  D.  Bell  then  read  a  paper  entitled  "  Aspects  of  Clydesdale 
during  the  Glacial  Period." 

Pbogeedinos  op  thb  Yorkshire  Naturalists'  Club,  1869. — ^In 
presenting  their  report  for  the  year  1869,  the  Committee  of  the 
Yorkshire  Naturalists*  Club  congratulate  the  members  on  the  con- 
tinued prosperity  and  increased  activity  of  the  club.  The  monthly 
meetings  have  been  regularly  held  and  generally  well  attended. 
Numerous  specimens  in  various  departments  of  natural  history  have 
been  exhibited,  and  much  valuable  information  has  thereby  been 
elicited,  giving  sufficient  evidence  of  the  zeal  and  assiduity  displayed 
by  some  of  our  Yorkshire  naturalists  in  the  cultivation  of  those 
departments  of  science  to  which  their  attention  is  specially  devoted. 
Moreover  several  interesting  papers  on  geological  subjects  have  been 
oommunicated,  abstracts  of  which  appear  in  the  present  Report. 

Mr.  E.  Allen,  F.G.S.,  read  a  paper  on  the  Speeton  Clay,  pointing 
out  its  subdivisions,  and  exhibiting  a  series  of  fossils  which  he  had 
obtained  from  the  cliflf  section.  He  made  some  remarks  on  the 
coprolite  and  cement  beds,  below  the  Speeton  Clay,  both  of  which 
have  been  worked  for  upwards  of  thirty  years.  The  coprolites  consist 
of  dark  coloured,  almost  black  stone,  containing  iron  pyrites ;  samples 
that  are  free  from  clay  are  said  to  yield  from  57  to  61  per  cent,  of 
phosphate  of  lime,  which  is  used  for  agricultural  purposes. 

Mr.  J.  F.  Walker,  F.G.S.,  reconled  his  discovery  of  RhynchoneUa 

Sinosa  in  the  Bradford  clay,  at  Tetbury  Road,  near  Cirencester. 
e  also  exhibited  some  Iihynchonell<B  sent  to  him  by  the  Rev.  J.  E. 
Cross,  M.A.,  which  are  supposed  to  be  an  extreme  variety  of  B. 
9pino8a,  from  whidi  they  differ  in  their  smaller  size,  in  having  fewer 
plaits  on  the  surface  of  the  valves,  and  by  the  greater  distance  of  the 
plaits  from  each  other,  seldom  having  more  than  twelve  plaits  on 
each  valve.     They  also  appear  to  differ  from  JS.  apinoaa  in  having  ^ 
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mesial  fold  of  generally  three  plaits.  The  hardness  of  the  rock 
makes  it  difficult  to  obtain  perfect  specimens,  but  in  those  which  he 
exhibited  the  beak  appears  to  be  more  incurved  than  in  the  typical 
specimens.  He  proposed  the  name  of  B,  Croasii  for  this  variety. 
The  specimens  were  obtained  from  the  inferior  Oolite  of  Appleby, 
near  Brigg,  Lincolnshire. 

The  Rev.  J.  F.  Blake,  M.A.,  F.G.S.,  communicated  a  paper  on  the 
"Bed  Chalk,"  sketching  out  its  geographical  range.  Its  most 
southerly  appearance  is  near  Hunstanton ;  from  thence  it  is  traced 
through  Lincolnshire  to  South  Ferriby,  crossing  to  the  north  of  the 
Humber  (Mr.  Blake  had  seen  it  at  Welton  Dale) ;  thence  it  skirts 
the  base  of  the  Chalk  to  Elloughton,  then  a  little  to  the  north  of 
South  Cave,  and  several  times  in  the*  hills  between  there  and  North 
Newbald,  and  at  Sancton ;  it  is  said  to  occur  at  Bishop  Wilton,  and 
onwards  to  Grimston,  and  thence  with  a  change  of  strike  by 
Knapton  eastwards  to  Speeton.  He  remarked  that  the  palsoonto- 
logical  evidence  was  almost  irresistible  for  its  Green-sand  age. 

The  Hon.  Payan  Dawnay  was  elected  President  of  the  Club  for 
1870,  and  as  Vice-Presidents  Mr.  J.  Leckenby,  F.G.S.,  and  Mr.  E. 
Wood,  F.G.S.  

THE  MINERAL-BE ARING  STRATA  OF  THE  SOUTH-WEST  OF  IRELAND. 

Sib, — In  the  Supplement  to  the  Geological  Magazine  for  May, 
1870,  Mr.  S.  Hyde,  writing  on  this  subject,  compares  the  mines  on 
the  Bear  promontory  with  those  on  the  Crookhaven  and  Sheep's-head 
promontories.  To  me,  however,  this  does  not  seem  to  be  a  fair  com- 
parison, as  Mr.  Hyde,  along  with  previous  writei*s  on  the  subject, 
neglects  to  mention  one  of  the  mo^t  important  features  in  regard  to  the 
first-named  locality,  namely,  the  large  development  of  ingenite  rocka 

These  rocks  were  intruded  subsequent  to  the  deposition  of  the 
**  Coppery  Zone"  in  the  so-called  Devonian  rocks,  and  to  the  ingenite 
rock,  I  believe,  is  due  the  productiveness  of  the  lodes  at  AUihies  and 
thereabouts,  while  in  the  promontory  of  Crookhaven,  where  none  of 
these  ingenite  rocks  have  been  found,  the  lodes  are,  comparatively 
speaking,  poor. 

What  seems  to  bo  in  favour  of  this  theory  is  the  fact,  that  in  most 
if  not  all  the  places  where  rocks  of  this  age  occur  that  have  not  been 
subsequently  invaded  by  ingenite  rocks,  although  minerals  are  com- 
mon, they  are  not  collected  into  the  lode,  but  are  disseminated  through 
the  beds,  wliile  in  those  places  where  the  newer  ingenite  rocks  now 
exist,  the  minerals  principally  occur  in  the  lodes  and  are  not  dissemi- 
nated throut^h  the  rocks.  This  would  account  for  tlie  ores  in  lodes  in 
Cornwall,  Dovon,  Allihies,  &c.,  while  in  other  places,  that  appa- 
rently ought  to  be  as  good  "  ground,"  few  or  no  paying  lodes  occur. 

G.  H.  KINAHAN, 
Bbcess  viA  Galwat.  H.M.  Geolo^cal  Surrey  of  Ireland. 

Errata.— In  Prof.  T.  Rapert  Jonos'e  article  last  month  we  notice  tbe  following 
BrraU:  p.  217,  line  17, /or  Fig.  1,  read  Pig.  3 ;  p.  818,  line  26,  /or  eharper,  rmad 
blunter ;  p.  218,  lino  tt7,ybr  lArger,  r^ad  anudler. 
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EMINENT  LIYINO  6E0L00ISTS. 

L — John  Phillips,  M.A.,  D.C.L.   Oxon.,  LL.D.  Oambridge   and 

Dublin,  F.B.S.,  eto..  Professor  of  Gbology  in  the  University  of 

Oxford. 

(With  ▲  Pobtbait.) 

JOHN  PHILLIPS  was  bom  on  the  Christmas  Day  of  1800  (n.  s.), 
at  Marden,  in  Wiltshire.  At  this  period  the  science  of  Geology, 
to  which  he  has  devoted  himself  so  ardently,  was  itself  struggling 
into  active  life.  Men  had  talked  of  "  Theories  of  the  Earth,"  and 
with  much  fancy  had  built  it  up  of  concentric  rings,  but  there  were 
scarcely  any  actual  observers  of  those  strata  of  which  they  dis- 
ooursed  so  poetically. 

John  Phillips's  father  was  the  youngest  son  of  a  Welsh  family, 
settled  for  very  many  generations  on  their  own  property  at  Blaen- 
y-ddol,  in  Caermarthenshire.  The  elder  Mr.  Phillips  was  trained 
for  the  Church,  in  which  some  of  his  relations  had  place,  but  this 
plan  was  not  carried  out ;  he  came  to  England,  was  appointed  to  an 
office  in  the  excise,  and  married  the  sister  of  William  Smith,  of 
Churchill,  in  Oxfordshire,  designated  by  Prof.  Sedgwick  '*  the  father 
of  geology,"  *  a  title  since  universally  adopted  by  geologists.  Mr. 
Phillips's  first  teachings  were  under  his  father's  eye,  but  he  died 
when  John  PhUlips  was  but  seven  years  old,  and  he  lost  his  mother 
soon  after.  The  subsequent  life  of  the  orphan-boy  was  directed  by 
his  undo,  so  well  known  at  that  time  as  ''Strata  Smith."  How 
directed  may  be  judged  of  by  the  result,  and  by  the  fondness  with 
which  Prof.  Phillips  dwells  on  his  memory.  In  his  "  Memoirs  of 
William  Smith,"  he  says,  **  No  one  interested  in  the  annals  of  science 
would  desire  that  such  records  of  one  of  its  eminent  cultivators 
should  be  lost;  but  the  writer,  an  orphan  who  benefited  by  his 
goodness,  a  pupil  who  was  trained  up  under  his  care,  feels  it  a 
privilege  and  a  duty  to  endeavour  to  save  from  neglect  the  memoiy 
of  such  a  man." 

Before  his  tenth  year  John  Phillips  had  passed  through  four 
schools,  after  which  he  entered  the  long  forgotten,  but  much-to-be- 

1  See  notice  of  William  Smith,  <*The  father  of  English  Geology,"    in  tht 
Gbolooical  Maoazdib,  1869,  YoL  YL,  p.  866. 
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oommended  old  school  at  Holt  Spa,  in  Wiltshire.  Although  an 
ardent  lover  of  athletic  sports  at  school,  he  was  neyeriheleas  an 
incessant  worker,  taking  the  greatest  del^ht  in  Latin,  French,  and 
mathematics.  The  hoys  were  required  ta  write  a  good  deal  of  Latin, 
especially  one  Sunday  theme,  and  much  exercised  in  recitation. 
John  Phillips  worked  through  Mole's  Algehra,  Simpson's  Endid, 
the  two  first  books  completely,  and  selections  from  the  others.  Of 
Greek  he  learned  merely  the  rudiments,  to  be  expanded  in  after  life. 

In  the  year  1800,  the  year  in  which  his  nephew  was  bom,  'WiUiam 
Smith  had  constructed  and  coloured  a  map  which  connected  the 
rock-structure  of  the  north  of  England  ¥rith  that  of  the  aontfa- 
westem  districts,  and  delineated  the  Oolitic  series  through  Eng- 
land with  considerable  accuracy.  When  it  is  remembered  that 
nothing  of  this  kind  had  ever  before  been  attempted,  and  that 
this  was  done  by  one  who  had  educated  himself  for  and  was  prac- 
tising as  a  civil  engineer  and  land-surveyor,  the  force  of  character 
existing  in  its  author  will  be  evident,  and  its  influences  are  apparent 
in  the  progress  of  the  nephew. 

After  leaving  school,  John  Phillips  resided  for  twelve  months 
with  the  Bev.  Benjamin  Bichardson,  of  Farley  Castle,  near  Bath, 
one  of  the  best  naturalists  in  the  West  of  England,  and  a  man  of 
excellent  acquirements.  To  his  daily  and  hourly  intercourse  with 
this  gentleman,  to  his  talk  on  plants,  and  his  curiously  rich  old 
library,  and  his  sympathy  with  all  good  knowledge,  Mr.  Phillips 
attributes  much  of  his  success  in  those  pursuits  in  which  he  has 
so  greatly  distinguished  himself. 

From  tlie  rectory  of  Farley,  John  Phillips  was  transferred  to  his 
uncle  Smith's  house,  which  looked  out  on  the  Thames  from  the 
eastern  end  of  Buckingham  Street.  There  a  new  kind  of  life 
awaited  him.  Mr.  William  Smith  was  a  man  in  the  exercise  of  a 
lucrative  and  honourable  profession,  who  had  for  many  years  given 
every  spare  moment  and  every  spare  shilling  to  the  execution  of  his 
vast  work, — the  map  of  the  strata  of  England  and  Wales.  His 
house  was  full  of  maps,  sections,  models,  and  collections  of  fossilB. 
His  hourly  talk  was  of  the  laws  of  stratification,  the  succession  of 
organic  life,  the  practical  value  of  geology, — its  importance  in  agri- 
culture, engineering,  and  commerce, — its  connection  with  physical 
geography, — its  influence  on  the  occupation  of  different  people,  and 
the  distribution  of  different  races. 

In  1815  Mr.  William  Smith  published  his  large  map,  on  a  scale 
of  five  miles  to  one  inch.  This  remarkable  work  brought  him  into 
notice,  and  he  was,  in  consequence,  largely  employed  in  constract- 
ing  geological  maps  of  counties  and  estates.  In  this  work  he  was 
now  assisted  by  his  nephew,  who  accompanied  him  on  his  tours  and 
whom  he  employed  in  sketching.  In  1819  Mr.  Smith  undertook  to 
walk  through  Lincolnshire  into  Oxfordshire.  "  On  this,  as  on 
almost  every  journey  for  the  last  three  years,  Mr.  Phillips  was  bis 
glad  companion,  haudpassibus  aquis ;  and,  according  to  an  established 
custom  on  all  such  tours,  ho  was  employed  in  sketching  parts  of  the 
road  and  noticing  on  maps  the  geological  features  of  the  country/' 
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In  1821  "he  walked  through  the  eastern  parts  of  Yorkshire,  and 
rejoined  Mr.  Smith  at  Doncaster,  and  from  this  point  accompanied 
him  in  a  walking  excursion  through  the  coal  district  of  the  West 
Biding."  In  a  similar  way,  with  his  uncle  for  his  guide  and  in- 
structor, Mr.  Phillips  very  carefully  surveyed  other  districts,  es- 
pecially Yorkshire,  Derbyshire,  Lancashire,  and  the  Lake  district 
In  the  "  Memoirs  of  William  Smith  "  (from  which  we  quote)  we  find 
many  indications  of  the  way  in  which  Mr.  Phillips  acquired,  under 
hiB  able  teacher,  his  knowledge  of  geology  and  mineralogy ;  a  few 
brief  quotations  will  show  this.  ''Innumerable  rambles  led  us  up 
every  gl^i  and  across  every  hill,  now  sketching  waterfalls,  anon 
tracing  the  boundaries  of  rocks,  or  marking  the  direction  of  '  diluvial  * 
detritus.  .  .  .  For  two  or  three  months  we  were  incessantly  occupied 
by  investigations  of  the  lead  and  copper  mines  actually  working,  or  of 
which  ancient  traces  remained,  in  High  Pike,  Carrock,  and  the  Cald- 
beck  Fells»  ....  In  the  examination  which  Mr.  Smith  made  of  this 
interesting  district^  the  writer  was  closely  associated,  and  was  stimu- 
lated by  the  extraordinary  variety  of  the  minerals  in  the  veius,  and 
in  the  syenitic  and  porphyritic  rocks,  to  mvestigate  their  crystal- 
line structures  and  onemicad  composition,  theoietically  and  experi- 
mentally." 

In  this  happy  dream  of  the  future  expansion  of  geology,  the  actual 

{)rofessional  work  was  too  often  forgotten  by  William  Smith,  and  at 
ength  he  found  himself  compelled  to  give  up  his  London  residence, 
and  wander  at  ''  his  own  sweet  will "  among  those  rocks  which  had 
been  so  isAsl  to  his  prosperity,  though  so  favourable  to  his  renown. 

In  the  spring  of  1824  Mr.  Smith  accepted  the  invitation  of  the 
Yorkshire  Philosophical  Society,  then  lately  established,  and  went 
to  York  to  deliver  a  course  of  lectures  on  geology.  John  Phillips 
was  his  companion.  This  was  the  crisis  of  his  fate.  Mr.  Phillips 
was  entrusted  with  the  task  of  arranging  the  fossils  of  the  Society's 
Museum,  imd  in  the  following  year  he  was  appointed  its  keeper.  In 
1826  Mr.  Phillips  read  a  paper  before  this  Society  "  On  the  Direc- 
tion of  the  Diluvial  Currents  of  Yorkshire,"  printed,  in  1827,  in  the 
**  Philosophical  Magazine ;"  this  was  his  first  contribution  to  geo- 
logical literature.  In  1 829  the  collections  of  the  York  Museum  were 
removed  to  a  new  building  erected  in  the  grounds  of  St.  Mai-y's 
Abbey.  The  gate-house  of  the  monastery  was  rebuilt  and  fitted  up 
by  the  Keeper,  and  here  John  Phillips  felt  himself  in  thoroughly 
congenial  quarters,  which  he  occupied  until  1853.  Yorkshire  became 
the  field  of  his  labours,  and  with  great  industry  he  thoroughly  ex- 

Slored  that  beautiful  county.  There  was  scarcely  a  hill  which  he 
id  not  climb,  or  a  valley  which  he  did  not  explore.  He  made  more 
than  a  thousand  barometric  observations  to  determine  the  physical 
character  of  the  county,  and  gave  the  world  the  result,  in  his  "  Illus- 
trations of  the  Greology  of  Yorkshire,"  and  subsequently  in  his 
**  Bivers,  Mountains,  and  Sea-coasts  of  Yorkshire,'*  in  which  he  tells 
UB  his  aim  was  "to  win  from  the  hasty  traveller  an  hour's  delay 
at  a  railway-station,  a  day's  wanderings  by  the  waterfalls,  a  week's 
rambling  over  rooky  hills,  and  to  plead  with  the  residents  of  York- 
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shire  for  a  Isetter  knowledge  of  its  natural  beautieB  and  &b  memoriab 
of  its  old  inhabitants." 

In  addition  to  bis  office  of  Keeper  of  the  Hosenm  at  York,  Mr* 
Phillips  was  appointed  one  of  the  Secretaries  of  the  Torkshirs 
Philosophical  Society,  and  in  that  capacity  he  delivered  many 
lectures  to  its  members.  About  1830  the  late  Sir  David  Brewster 
(then  Dr.  Brewster)  addressed  to  Mr.  Phillips,  as  Seoretaiy  of  the 
Yorkshire  Philosophical  Society,  a  letter  urging  the  advantages 
which  would  arise  from  an  annual  meeting  of  all  the  lovers  and 
the  cultivators  of  science.  This  suggestion  was  much  approved 
by  the  Society,  especially  by  Mr.  W.  V.  Harcourt,  its  first  Presi- 
dent, and  immediately  there  was  issued  a  circular  letter  to  memben 
of  scientific  societies  and  the  active  cultivators  and  promoters  of 
science,  inviting  their  attendance  at  York  to  consider  the  propriety 
of  founding  an  Association  for  the  Advancement  of  Science.  The 
result  was  that  on  the  27th  September,  1831,  the  theatre  of  the 
York  Museum  was  filled  with  eminent  men  and  cultivators  of  science 
from  all  parts  of  the  country.  Yiscount  Milton  was  the  chairman 
on  the  occasion.  Mr.  Harcourt  suggested  a  code  of  laws,  and  Mr. 
Phillips  commenced  his  labours  as  secretary.  Then  and  there  was 
established  the  "British  Association  for  the  Advancement  of 
Science," — ''to  give  a  stronger  impulse  and  a  more  systematic 
direction  to  scientific  inquiry ;  to  promote  the  intercourse  of  those 
who  cultivate  science  in  different  parts  of  the  British  empire  with 
one  another,  and  with  foreign  philosophers ;  to  obtain  a  more 
general  attrition  to  the  objects  of  science,  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress."  The 
second  meeting  was  held  at  Oxford,  when  Mr.  Phillips  was  chosen 
Assistant  General  Secretary,  which  office  he  held  with  untiring  zeal, 
and  to  the  general  satisfaction  of  all  members,  until  1863.  The 
position  achieved  by  the  British  Association  is  almost  entirely  due 
to  the  unwearying  energy,  the  constant  industry,  and  the  uniform 
courtesy  displayed  by  Mr.  Phillips.  In  1834  Mr.  Phillips  was 
elected  a  Fellow  of  the  Royal  Society,  and  in  the  same  year  the 
Chair  of  Geology  in  King's  College,  London,  was  offered  to  and 
accepted  by  him.  He  held  this  appointment  for  six  years,  giving 
annually  one  course  of  lectures,  and  then  returning  to  resume  with 
undiminished  energies  his  favourite  duties  at  York. 

The  Geological  Survey  of  the  United  Kingdom,  which  is  now 
extended,  under  the  direction  of  Sir  Roderick  Murchison,  Bart, 
over  the  length  and  breadth  of  these  islands,  was  originated  and 
commenced  by  Sir  Henry  De  La  Beche  in  1835.  His  first  '*  Report 
on  the  (Jeology  of  Cornwall,  Devon,  and  West  Somerset"  was 
published  in  1839.  Upon  the  recommendation  of  De  La  Beche, 
the  Lords  Commissioners  of  Her  Majesty's  Treeisury  appointed  Mr. 
John  Phillips  "  to  examine  and  describe,  for  the  purpose  of  publica- 
tion, the  organic  remains  of  the  older  strata  "  of  western  England. 
Mr.  Phillips  entered  with  zeal  upon  this  work,  and  in  1841  was 
pt&blished  •*  Figures  and  Description  of  Palaeozoic  Fossils  of  Com- 
wally  Devon,  and  West  Somerset."     Li  this  work  Mr.  Phillips  says. 
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''I  have  given  or  applied  names  to  277  animal  Btrnctures  in  the 
palsBOzoic  strata  of  the  district  under  review,  and  in  illostration  of 
these  about  750  figures  (including  magnified  parts)  have  been  found 
neoessaiy."  In  1842  Mx.  Phillips  had  commenced  a  geological 
survey  of  the  Malvern  Hills,  and  in  1849  he  furnished  the 
Geological  Survey,  with  an  extensive  and  valuable  memoir,  *'  The 
Malvern  Hills  compared  with  the  Palsdozoic  Districts  of  Abberley, 
Woolhope,  May  Hill,  Tortworth,  and  Usk,"  which  may  justly  be 
regarded  as  one  of  his  most  masterly  labours.  Previously  to  this, 
in  1840,  Mr.  Phillips  resigned  the  charge  of  the  York  Museum,  but 
oontinned  as  Honorary  Curator  until  1844,  in  which  year  he  was 
i^pointed  Professor  of  G^logy  in  the  University  of  Dublin.  In 
1845  he  received  from  the  G^logical  Society  the  WoUaston  medal. 

In  1849  there  had  been  some  severe  explosions  of  fire-damp,  and 
the  great  loss  of  life  consequent  on  them  compelled  the  Gk>vemment 
to  institute  an  especial  inquiry  into  the  system  of  ventilation  adopted 
in  our  coal-mines.  Prof.  John  Phillips  and  Mr.  J.  Kenyon  Block- 
well  were  appointed  Commissioners  to  inquire  into  and  report  on  this. 
In  1850  these  gentlemen  made  their  reports.  Prof.  Phillips  taking 
the  Northumberland,  Durham,  and  Yorkshire  Collieries  ;  Mr.  J.  K. 
Blackwell  deeding  with  the  other  parts  of  the  kingdom.  They 
recommended  a  systematic  inspection  under  Government  authority, 
and  this  recommendation  being  adopted,  the  colliery  inspectors,  now 
numbering  twelve,  were  appointed. 

In  1853,  after  the  melMicholy  death  of  Mr.  Strickland,  who  was 
killed  upon  a  railway  immediately  after  the  meeting  of  the  British 
Association  at  Hull,  and  who  had  performed  the  duties  of  the  Chair 
of  Cteology  in  the  place  of  Dr.  Buckland,  Mr.  Phillips  accepted  the 
appointment  to  the  vacant  post,  and,  on  the  death  of  the  Dean  of 
Westminster,  he  became  his  successor  as  Header  in  Geology  in  the 
University  of  Oxford.  In  1859  Prof.  Phillips  was  chosen  President 
of  the  G^logical  Society  of  London,  and  in  May,  1860,  he  delivered 
the  Bede  Lecture  to  the  University  of  Cambridge,  which  was  subse- 
quently expanded  into  his  popular  work,  ''Life  on  the  Earth,  its 
Origin  and  Succession."  In  this  admirable  contribution  to  the 
literature  of  science,  he  vindicates  the  introduction  of  the  idea  of 
definite  government  as  an  indispensable  part  of  the  data  for  argument 
on  the  beginning  and  progress  of  life.  "  No  one,"  he  says,  **  who 
has  advanced  so  far  in  philosophy  as  to  have  thought  of  one  thing  in 
relation  to  another,  will  ever  be  satisfied  with  laws  which  had  no 
autlior,  works  which  had  no  maker,  co-ordinations  which  had  no 
designer.'^ 

The  writings  of  Prof-  Phillips  are  very  numerous  :  his  geological 
communications  exceed  seventy  in  number,  and  there  are  more  than 
a  dozen  on  other  branches  of  study.  Not  only  has  Prof.  Phillips 
been  most  zealously  employed  in  looking  into  the  arcana  of  time, 
but  he  has,  amongst  his  later  intellectual  exercises,  been  searching 
into  the  arcana  of  space.  In  1853,  at  the  Hull  Meeting  of  the 
British  Association,  Mr.  Phillips  exhibited  some  photographs  of  the 
inoon,  and  made  a  communication  which  was  mosl  a\xgg|^%\XN^^  ^sA 
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has  no  doubt  aided  in  the  final  production  of  those  magnificent 
photographs  of  our  satellite  which  have  been  produced  by  Mr. 
Warren  De  La  Hue.  This  interesting  subject  has  continued  to  daim 
much  of  the  attention  of  the  Oxford  Professor  of  G^lcgy,  and  sevenl 
communications  have  been  made  by  him  to  the  British  Association. 
We  find  him  also  communicating  to  the  Boyal  Society,  ''  Notes  on 
the  Drawing  of  'Copernicus'  presented  to  the  Boyal  Society  by 
P.  A.  Secchi "  (185G) ;  "  Suggestions  for  the  Attainment  of  a  Syste- 
matic Hepresentation  of  the  Physical  Aspect  of  the  Moon  "  (1862) ; 
'*  On  the  Telescopic  Appearance  of  the  Planet  Mars,"  and  "  On  the 
Belt  of  Jupiter"  (1863) ;  "Notice  of  the  Surface  of  the  Sun,"  snd 
^*  Notice  of  a  Spot  on  the  Sun  observed  at  intervals  durinff  one 
Rotation"  (1865).  An  interesting  article  on  "The  Planet  Man," 
from  the  same  pen,  appears  in  the  "  Quarterly  Journal  of  Science," 
for  July,  1865,  in  which  he  shows  from  his  own  researches,  con- 
"firmed  by  the  observations  of  others,  that  Mars  is  a  planet  "  whose 
main  characters  of  surface  correspond  to  those  of  our  earth,  which 
has  nearly  the  same  density,  nearly  the  same  daily  and  nightly 
period,  and  is  enveloped,  like  our  earth,  by  an  atmosphere  partially 
loaded  with  scattered  clouds,  etc." 

At  Bath,  in  1864,  he  was  elected  President  of  the  British  Asso- 
ciation for  1865,  and  delivered  the  inaugural  address  before  one  of 
the  largest  assemblages  of  that  body  at  Birmingham. 

Meteorology  is  one  of  the  subjects  which  has  been  carefully  studied 
by  Prof.  Phillips,  and  its  bearings  on  geological  theory  have  been  much 
employed  in  his  treatises.  Curious  methods  of  measuring  winds; 
registering  the  direction  and  inclination  of  a  rain-drop ;  the  variation 
in  quantity  of  rain  as  we  ascend  above  the  earth's  surface  ;  an  exact 
maximum  thermometer,  and  a  self-discharging  electrophorus  ;  are 
connected  with  the  pleasant  variations  -of  study  which  have  con- 
stituted his  only  valued  amusements. 

Amongst  his  more  recent  labours,  we  may  point  to  the  new 
Museum  at  Oxford,  which  has  greatly  profited  by  his  experienced 
hand  and  well- trained  method.  By  his  amiable  disposition  and  the 
simplicity  of  his  character  he  has  charmed  all  who  have  ever  been 
brought  within  the  sphere  of  his  influence.  Few  men  have  won 
more  friends.  The  scientific  institutions  of  all  parts  of  the  world 
have  sought  to  do  him  honour ;  and  it  must  be  in  the  highest  degree 
gratifying  to  Professor  Phillips  to  feel  that  they  have  been  nnsought, 
and  are  therefore  the  genuine  recognitions  of  appreciated  industry. 


II. — On  the  Petrified  Forest  neab  Caibo. 

By  W.  Garruthers,  F.L.S.,  F.G.S.,  etc. 

(PLATE  XIV.) 

THE  fossil  wood  which  covers  the  desert  to  the  east  of  Cairo  has 
long  filled  the  passing  traveller  on  this  great  Eastern  high  road 
with  surprise.  The  immense  quantity  of  what  seems  to  be  decaying 
wood  in  a  region  described  as  a  ''  dreary  arid  expanse,  treeless  and 
almost  shrublesSy  rugged  with  dark-coloured  knolls,  and  intersected 
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by  a  few  dry  rain-channels/'  excites,  by  the  remarkable  contrast  of 
the  present  with  what  is  apparently  the  not  iar  distant  past,  the 
wonder  of  the  most  careless  observer,  fio  vividly  has  ASs  impressed 
the  imagination  of  travellers  that  Ihej  hava  wiXbatA  hesitation  cor- 
idated  we  fossil  stems  with  th#«adstiiigiisgetalioa4ifl^gypt  Bnrok- 
hardt  thought  they  werepekiiled  daie-lveQf^  Mr.  Holroyd  referred  thei» 
to  the  Doom-palm,  jod,  to  give  aa  jir  4)f  soientifio  accuraoy  tp  his 
detennination,  lie  adds  the  syalHMfie  name  of  the  species  (drmifir^ 
Tkshaum).  Ifiven  the  arjiiiHiti  ^Murray,"  in  his  ''  Handbook  for 
StanvHers  in  Egypt,"  {1867)  epeaks  of  the  specimene  as  palms,  and 
*  loamed  oommaaMor,  **  A.  G.  S.,"  gets  into  nptmes  over  the  n^ 
naikablejpelitfed  palms  which  he  found  m  mim  (p.  156).  I  jmit 
Miii^^^jM^forr^  tiiat  Gkurdiner  Wilkinson^  Ae  author  of  the  Hoidbook, 
itolnranohed  and  thom-beariiM^  fates,  as  well  as  palma ;  and  be- 
I  tiiese,  he  says  there  are  "anaa  jointed  stems  resembling  bamboos, 
0De  ef  which  was  about  Iff  Imk  long,  broken  at  each  aC  the  knots.  A 
small  one  given  by  jbm  to  flie  British  Museum  has  imtlier  the  character 
of  an  JSquu$i&mr  This  specimen  is  a  cylindnaal  fragment  of  Nieolia 
JEgypUm^  O^ivO'  ^^  inches  long  and  4  jndbes  in  diameter.  It  has 
miitA  irr^nlar  transverse  fissures,  fiiiad  in  with  quartz,  which  has 
SMfe  suooessfully  resisted  the  weathering  than  the  body  of  the  fossil ; 
henoe,  the  fissures  stand  out  as  ridges.  A  small,  stout  base  of  a 
branch  projects  for  2  inches  firom  the  middle  of  the  specimen.  So 
that  this  equisetadouB  bamboo  as  well  as  the  palms  are  really  the  same 
as  the  branched  and  thom-bearii^  trees  of  Wilkinson — ^die  NkfAia 
JEgyptiaea  of  linger.  Newbold  (Quart  Joum.  Greol  Soo.  voL  iv.  p. 
362)  describes  the  fossils  as  resembling  in  external  aspect  the  present 
palm  of  Egypt,  but  internally  showing  the  wood  arranged  in  annular 
ooncentric  layers,  as  in  exogenous  stems.  A  few,  he  says,  exhibited 
externally  longitudinal  fibres  intersected  at  intervals  from  two  to 
three  feet  asunder  by  transverse  divisions,  giving  the  trunk  the  ap- 
pearance of  a  gigantic  calamite,  although  the  internal  structure  is 
that  of  dicotyledonous  wood.  He  submitted  his  specimens  to  Robert 
Brown,  who  determined  that  they  were  dicotyledonous,  but  not 
Coniferous.  The  late  Prof,  linger  has  published  a  valuable  account 
of  his  investigation  of  the  woods  which  he  inspected  in  their  native  lo- 
cality ^Sitzungberichte  Math.-Naturw.  GlasseAkad.  Vienna,  vol.  xxxiii. 
p.  209).  Hie  further  examined  a  cameFs  load  of  specimens  brought 
home  by  Eotschy,  and  determined  that  they  all  belonged  to  one 
species,  to  which  he  had  already  given  the  name  Nicolia  .^yptiaea 
(Endlicher's  Genera  Plantarum,  Suppl.  II.  p.  102). 

When  Prof.  Owen  visited  the  "  Fossil  Forest,"  in  the  b^inning  of 
1869,  he  collected  a  large  series  of  specimens,  which,  on  his  return, 
he  kindly  placed  in  my  hands  for  examination.  I  had  a  number  of 
microscopic  sections  made,  and  had  the  satisfaction  of  determining 
the  existence  of  a  second  species. 

This  extensive  collection  of  silicified  stems  occurs  in  the  Suez 
desert,  about  seven  miles  east  by  south  from  Cairo.  Newbold  says, 
"  The  area  they  cover  is  about  four  miles  east  and  west,  and  three 
miles  and  a  half  north  and  south.    Many  of  the  trunks  lie  looa^Vj 
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scattered  over  the  surface  amid  rolled  and  angular  fragments  of  dark 
grit,  pebbles  of  chert,  jasper,  and  quartz."  They  are  of  variouB 
lengths  and  size.  The  largest  linger  saw  were  from  50  to  60  feet  long. 
Similar  measurements  have  been  given  by  Newbold^  and  D'Herioonrt* 
The  specimens  are  frequently  deeply  fissured  transversely^  suggestiiig, 
as  we  have  seen,  the  notion  of  a  jointed  stem  like  a  bamboo  or  calamite. 
The  fissures  sometimes  pass  right  through,  so  as  to  break  up  a  long 
stem  into  numerous  fragments,  a  foot  or  two  in  length.  Neither 
branches  nor  roots  are  found  attached  to  the  stems,  nor  has  any 
trace  of  bark  been  detected.  Externally  they  have  a  striated,  fibrous 
appearance,  as  if  they  had  been  considerably  decayed  before  being  silid- 
fied.  This  external  appearance,  no  doub^  suggested  the  idea  of  their 
being  fossil  palmsy  under  which  name  fragments  of  them  may  be  met 
with  in  almost  any  provincial  museum.  The  scars  of  fallen  branches 
are  abundant,  and  always  exhibit  a  considerable  hollow  at  the  place, 
as  if  the  branch  had  rotted  out.  The  fibrous  surface  of  trunks  that 
have  been  long  exposed  has  a  smooth  and  polished,  almost  varnished, 
appearance,  produced  by  the  action  of  the  sand  when  driven  against 
them  by  the  wind.  The  wood  is  generally  of  a  dark  reddish-brown 
colour,  and  contrasts  with  the  lighter-coloured  barren  and  saudy  soil 
on  which  it  rests  or  is  partially  buried.  This  surface  sand  rests  on 
a  dark-coloured  sand  and  pudding-stone,  in  which  the  silicified 
stems  occur,  and  from  which  those  lying  loose  on  the  surface  have 
been  washed.  This  stratum  forms  the  dark-coloured  knolls  which 
protrude  through  the  sand,  and  the  stems  are  seen  projecting  from 
the  weathered  sides  of  these  knolls.  They  lie  horizontally  in  the 
sandstone.  Newbold  says  a  few  have  a  vertical  position,  rising  from 
10  to  20  inches  alK)ve  the  surface  of  the  sand.  Unger  considers  this 
bed  to  be  contemporaneous  with  the  Tertiary  nummulitic  limestones 
of  Egypt.  The  forests  which  supplied  the  wood  flourished,  he 
believes,  to  the  south,  and  the  trunks  were  brought  into  the  flat 
deserts  by  numing  water,  which  carried  with  it,  also,  the  sand  and 
mud  in  which  they  «ire  now  buried.  The  different  density  of  the 
woods  sorted  them  in  the  flood  and  influenced  their  transportation, 
and  accounts  for  the  limited  number  of  species,  and  the  remarkable 
predominance  of  one  of  them. 

The  wood  is  converted  into  chalcedony.  The  tissues  are,  on  the 
whole,  not  well  preserved,  although  occasionally  specimens  occur  in 
which  every  cell  and  vessel  is  clearly  defined.  Unger'  detected  in 
some  specimens  the  branching  mycelium  of  a  parasitic  fungus,  pene- 
trating the  cavities  of  the  large  ducts,  to  which  he  gave  the  name  of 
Nyctomyces  entoxylinus  (Chloris  Protogasa,  p.  8,  tab.  I.  fig.  7).  In 
none  of  the  large  series  of  microscopic  preparations  which  I  have 
examined  (21  from  the  specimens  collected  by  Prof.  Owen,  two  from 
the  Bryson  Collection,  and  two  from  that  of  Kobert  BrownJ  have  I 
been  able  to  detect  this  fungus.  In  all  of  them  the  ducts  are  filled  with 
transparent  chalcedony,  which  occasionally  shows  a  dark,  amorphous 
and  irregular,  sometimes  branching  core,  passing  down  the  centre. 

>  Quart.  Journ.  GeoL  Soo.,  toL  iy.,  p.  849. 

'  Bull.  Soc.  GeoL  Fraaoe,  ser.  2,  toI.  iii,  p.  641. 
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The  ohaloedony  is  more  or  less  filled  with  minute  bodies  resembling 
transverse  hexagonal  prisms  of  quartz ;  but  they  are  thin  plates  or 
oavities  penetrating  the  ohaloedony  in  every  direction.  They  have  an 
amorphous  centre,  and  exhibit  concentric  lines  of  growth.  They  do 
not  affect  the  light  differently  from  the  substance  in  which  they  are 
embedded,  when  examined  by  the  polariscope.  Newbold  refers  to  a 
specimen  shown  him  by  M.  Linant,  at  Cairo,  which  had  apparently 
a  somewhat  similar  structure,  but  it  must  have  been  on  a  much  larger 
scale,  as  he  does  not  speak  of  using  any  magnifying  power  in  ex- 
amining it  He  says  it  "  had  the  hollow  lined  with  a  white  chal- 
oedony-like  siliceous  substance,  full  of  small  cells  resembling  those 
of  a  honey-comb."  (loc.  cit.  p.  353.) 

The  stems,  as  determined  by  Robert  Brown,  and  confirmed  by 
linger,  belong  to  Angiospermatous  dicotyledons,  and  are  made  up  of 
the  tissues  that  enter  into  the  composition  of  such  plants.  The 
wood  consists  of  slender  prosenchyma,  abundantly  penetrated  by 
large  ducts,  which  occur  singly  or  arranged,  two,  three,  or  even  more 
t(^ther.  The  walls  of  the  ducts  are  marked  with  small,  regularly 
arranged  oval,  or  somewhat  compressed  hexagonal,  reticulations. 
Transverse  diaphragms  break  up  tbe  ducts  in  well  preserved  speci- 
mens into  oblong  compartments  about  twice  as  long  as  broad.  The 
medullary  rays  are  abundant,  and  form  a  considerable  proportion  of 
the  stem.  The  concentric  layers  of  wood  are  not  so  well  defined  as 
one  generally  finds  them  in  dicotyledonous  stems,  because  of  the 
irregular  manner  in  which  the  ducts  occur  throughout  the  year's 
growth.  In  this  respect  they  resemble  the  walnut  rather  than  the 
oak. 

The  histological  characters  of  the  stem  have  been  hitherto  but 
little  used  in  systematic  botcmy.  A  careful  examination  of  numerous 
specimens,  and  systematic  arrangement  of  the  results,  would,  no 
doubt,  throw  much  light  on  variations  in  stem-structure,  associated 
with  variations  in  the  structures  of  different  plants.  But  as  this  has 
not  yet  been  done,  I  cannot  go  beyond  E.  Brown  in  saying  that, 
while  these  stems  are  dicotyledonous,  they  are  not  coniferous. 

The  genus  Nicolia  was  established  by  Unger  in  the  second  sup- 
plement to  Endlicher's  "Genera  Plantarum,"  (p.  102),  and  was 
dedicated  to  William  Nicol,  who  invented  the  process  of  slicing  and 
mounting  fossil  woods  for  microscopic  examination ;  and  who  thus 
supplied  the  paleontologist  with  the  means  of  accurate  investigation. 
It  may  in  passing  be  mentioned  in  connection  with  Nicol,  that  his 
interesting  collection  of  fossils  is  now  deposited  in  the  British 
Museum,  having  formed  part  of  the  extensive  collection  of  Alexander 
Bryson,  acquired  some  two  years  ago,  after  the  death  of  that  gentle- 
man. 

The  two  species  may  be  thus  described. — 1.  Nicolia  JEgyptiaca 
(Ung.),  Endl.  Gen.  PI.  Suppl.  ii.  p.  102,  and  Sitzungb.  Math.  Natur. 
CI.  Akad.  Vien.  vol.  xxxui.  p.  214,  pi.  1,  figs.  1  and  2,  Plate 
XrV.,  Figs,  3  and  4.  Wood  cells  in  transverse  section  small,  sub- 
quadrangular,  about  one-tenth  of  the  diameter  of  the  large  ducts. 
Ducts  roundiiBhy  singly,  or  two,  three,  and  sometimes  four,  united 
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in  linear  series.  Medullary  rays  in  transverse  seotion*  elliptical, 
wiUi  the  ends  produced,  oomposed  in  the  centre  of  the  ellipse  of 
four  cells  in  thickness,  thinning  out  until  the  ends  are  composed  of  a 
single  cell. 

2.  yicolia  Owenit,  sp.  nov.,  Plate  XIV.,  Figs.  1  and  2.  Wood  oells  in 
transverse  section,  laige,  oval,  about  one-fifth  of  the  diameter  of  the 
large  ducts.  Ducts  oval,  singly,  or  two,  or  three,  united  in  linear 
series.  Medullary  rays  in  transverse  section,  linear,  doubly  aoomi- 
nate,  composed  of  two  cells  in  thickness  at  their  greatest  diamintgr. 

EXPLANATION  OF  PLATE  ZIV. 

Fig.  1.  Transyerae  section  of  Nicoiia  Owmiiy  (Cur.)  ihowiiig  the  large  oral  dnetai 
the  l^rge  wood  cells  and  the  narrow  mednllarr  rajs. 

Fig.  2.  The  same  in  longitudinal  tanffentul  section. 

Fig.  3.  Transyerae  section  of  Nieoiia  JEgyptiaeoy  (Ung.)  showing  the  roundish  dailb 
small  wood  cells,  and  broad  meduUarj  rays.  The  narrow  rajs  are  cut  tkmaijk  fe 
slender  termination  of  the  ellipM. 

Fig.  4.  The  same  in  longitudinal  tangratial  section. 

All  the  figures  are  drawn  from  specimens  aoUiBOlidjMr  CWio  by  Prof.  Owen. 


JLL^^troM  tm  tss  Tb^tubxs  of  Dkvqi^  OtammjOL,  ahd  GUnns. 

By  G.  H-XanaM^  VXI.A.,  no. 


DlU&UlO  a  bnef  ^whsit  in  Devonfllnre,  the  main  miQines  of  the 
fiaatures  of  tiba  ooimtry  appeared  doe  to  ice  sculptuzB ;  bbiw- 
theless,  the  vast  amount  of  denudation  ohaerfable  sanoi^  ilia  hffls, 

evidently  the  result  of  meteoric  abxanan,  caosed  me  to  be  cautious  in 
coming  to  a  conclusion  too  quietly,  although  Mr.  G.  W.  Ormerod, 
F.G.S.  (whose  minute  knowledge  of  the  district  is  well  known,  and 
with  whom  I  had  the  pleasure  of  examining  a  part  of  Devon), 
pointed  out  that  in  various  places  he  had  found  glacier-formed 
drift.  Having  subsequently  visited  both  Devon  and  Cornwall,  al- 
though time  did  not  permit  of  a  minute  search  for  ice-striae,  yet 
seemingly  the  first-formed  impressions  were  correct,  and,  apparency, 
ice  was  the  principal  agent  employed  to  carve  out  the  main  features 
of  this  portion  of  England. 

Any  observer  who  is  acquainted  with  the  country  north  of  Gkdway 
Bay,  Ireland,  must  be  struck  with  the  great  similarity  between  the 
general  outlines  of  that  country  and  Cornwall,  more  especially 
the  parts  of  the  latter  about  the  Land's  End  and  the  other  granite 
tracts ;  both  having  long  undulating  hills,  with  banks  of  rocky  or 
moraine  drift  in  the  valleys  and  hummocks  of  drift  on  the  slopes 
leading  from  the  gaps.  Necessarily,  both  north  of  Galway  Bay  and 
in  Cornwall,  although  dressed  and  planed  rocks  are  numerous,  yet 
ice  etching  is  rare,  as  the  nature  of  the  rock  favours  its  obliteration. 

It  may  be  asked,  if  the  main  features  of  Cornwall  and  Devon  are 
due  to  one  and  the  same  agent,  why  the  valleys  among  the  hills 
formed  of  the  so-called  "  Devonian  rocks"  should  be  so  dissimilar 
to  those  in  the  granite  and  motamorphic  rock  country  ?  To  show 
that  this  is  not  unnatural,  and  that  somewhat  parallel  conditiooB 
occur  in  the  Co.  Galway,  is  the  object  of  these  notes. 
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Lt  Tor-oonnfKight,  or  that  portioD  of  the  Co.  Galirfty  whidi  lies 
mat  of  the  neat  lakes  (Uau  and  Comb),  the  Babjaoent  rooki  are 
oKptble  of  a  uiree-fold  division,  namely  :  the  granitio,  the  metamor- 
phio,  and  the  Silnrian  rooks.  The  first,  oomparatJTely  speaking,  are 
of  a  hoDiogeneoiiB  nature  ;  therefore  ttie  earlier  denndants,  the  last  of 
which  was  loe,  formed  the  oonntry  over  them  into  hills  and  hollows, 
with  long  flowing  oatlinee;  abrupt  volleys  or  ravines  as  a  rule  being 
snoommon.  The  metamorphio  rooks  being  very  diffennt  in  their 
oompoflition,  textnre,  and  hardness,  have  been  acted  on  very  differ- 
ently. Bome  were  chemically  hard,  others  chemically  soft ;  some 
ware  very  Bosoeptdble  to  meot^ioal  abrasion,  while  oliien  were  the 
ravene ;  oonseqnently  on  some,  such  as  those  chemically  soft,  meteo- 
ric denudation  would  act  more  than  on  others,  while  the  same  rook 
mi^t  naturally  be  hard  and  teitaoioaa,  and  therefore  resist  such 
meohanioal  denudants  as  either  mariae  or  ioe  action.  On  Utese  ao- 
oonnta  the  outlines  of  the  hills  are  most  irregular,  in  places  having 
■teei^  nearly  precipitous,   sidea.    Fig.  1.  ia  a  sketch  of  some  of 


these  metamorphic  rock  (qoartsite)  hills.  Among  the  Silurian  rocks, 
some  are  hard,  others  tenacious,  but  all,  except  perhaps  some  of  the 
oonglomerates,  disintegrate  freely ;  consequently,  although  the  earlier 
denudants  gave  the  hills  general  outlines  somewhat  similar  to  those 
formed  of  the  metamorphio  rocks,  yet  subsequently  meteoric  abrasion 
bas  affected  them  largely ;  and  thuugh  most  of  the  hills  have  long 
Sowing  outlines,  yet  they  are  intersected  by  deep  tortuous  valleys, 
the  sides  of  the  latter  being  covered  by  a  steep  taltu  of  meteoric  dnft. 
In  the  whole  of  this  part  of  the  Co.  Qalway  (Yar-connanght)  it  is 
jvident  that  the  features  of  the  country  wore  carved  out  simultaneous- 
ly, and  the  agent  or  agents  that  aooomplished  the  work  wrought  at  one 
ind  the  same  time  in  all  parts.  In  the  granite  and  metamorphic  rook 
jonntriea  the  traces  of  marine  and  ioe  denudation  axe  seen,  though 
Mpeciolly  in  the  former,  more  or  leas  modified  by  subsequent  meteorio 
tenndation.  The  ice  action  is  apparent  by  the  dressed,  planed, 
tolished,  and  etehed  rocks,  and  the  marine  abnwon  by  a  series  of 
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toiraoM  (see  Figg.  1  and  8)  Trltich  ooonr  miles  tpui  on  Qerbun  hori- 
Bons,  and  oonsequently  formed  by  and  duo  only  to  a  muTeisal  agent 
like  marine  denudation.' 

In  the  Silurian  rook  oonntry  it  is  hard  to  estinute  ^rbat  imk 
was  done  by  marine  and  ioe  action,  for  ainoe  they  oeaeed,  meteorio 
abraeion  has  oompleted  so  muoh  work  that  nearly  all  ^e  oon^ioooui 
traoee  of  the  other  workera  are  obliterated.  Still,  howsTer,  to  an 
nnprejudioed  observer  it  is  quite  evident  that  each  force  performed 
its  allotted  part  in  the  great  work,  for  in  places  on  the  hill-sidM 
will  be  found  aloping  shelves,  one  of  them  appearing  in  the  aooom- 
ponying  skoteh  (Fig.  2),  ttiat  are  apparently  the  remaina  of  the  old 
sea-tenaces  modified  by  meteorio  denudation,  aa  they  ooonr  at  similar 


I.  2.  Hills  of  Silurian  rock  (JoTce  CoTinty  HiUiV  with 


heighte  te  the  terraces  in  the  adjoining  hills.  That  ice  action  also 
played  a  conspicuous  part  prior  to  tho  present  meteoric  abrasion  is 
evident,  for  in  some  valleys  largo  mosses  of  glacier-formed  drift  still 
remain,  sometimes  even  being  covered,  and  therefore  preserved,  by 
the  meteorio  drift.  Some  writers  have  stated  that  the  tortuooi 
abrupt  deep  valleys  in  Devonshire  could  not  possibly  have  been 
formed  except  by  meteoric  abrasion.  This  to  me,  however,  aeems 
on  UQwarranted  assertion ;  moreover,  it  appears  contraiy  to  facts. 
In  very  similto'  valleys  in  Yar-connaught,  as  just  stated,  moraine 
drift  occurs  ;  and  if  an  observer  examines  the  valleys  of  West  Cork, 
Ireland,  more  especially  those  in  the  neighbourhood  of  Hungry 
Hill,  on  the  north  of  Bantry  Bay,  he  will  find  valleys  juat  af 
tortuous  as  any  in  Devonshire  evidently  ice  formed,  as  their  aides 
and  floors  are  planed,  polished,  and  etehed  by  ioe,  while  at  the 
entrance  of  some  will  be  found  mounds  of  rooky  drift,  evidently 
the  debris  of  tormina!  moraines.  In  tliis  comparison  between  Yar> 
oonnaught  and  Devon,  a  reference  to  West  Cork  appears  most  appli- 
cable, aa  the  rocks  of  that  country  are  the  so-called  "  Devonian  rodts" 
but  harder,  and  therefore  better  calculated  to  resist  meteoric  abrasion 
than  the  rocks  of  Devonshire.  Moreover,  if  there  were  the  same 
facilities  in  West  Cork  aa  there  are  in  Devon  for  meteorio  abrasion 
to  work,  all  traces  of  glaoial  aotion  would  have  diaappeared  from  tha 
'  Attention  was  preTioulT  directed  to  these  temces  in  Glare  and  Galway .  S« 
Qsoi^oaicLi.  Maouihi,  Vol  III.,  1BS6,  p.  S37,  also  "Hamoira,  Geological  Smrn, 
Inland,"  Ex.  aheata,  IDS,  Mb,  116,  ate 
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Talleya  among  the  Cork  lulLi ;  for  at  present,  as  a  role,  they  aie  dea- 
titate  of  morabe  drift  aooumnlations,  it  only  being  found  on  the 
flats,'  at  the  months  of  the  valleys. 

It  has  now  been  shown  it  is  possible,  if  not  probable,  that  ioe  was 
a  more  potent  agent  than  meteorio'  abrasion  during  the  formation  of 
the  Devonshire  valleys,  but  it  has  still  to  be  considered  whether  the 
sea  could  have  exerted  any  influence.  My  acquaintance  with  Devon- 
shire is  so  limited  that  I  may  not  be  justified  in  ofiering  an  opinion  ; 
however,  as  it  has  been  shown  there  is  an  analogy  between  the 
valleys  of  that  country  and  those  of  West  Cork  and  Galway,  it  may 
be  suggested,  that  if  marine  denudation  can  be  proved  to  have 
assisted  in  forming  the  features  of  these  counties,  it  probably  also 
helped  during  the  formation  of  the  present  surface  of  Devonshire. 

In  the  west  of  the  Go.  Ck)rk,  also  in  Kerry,  there  are  deep  semi- 
circular valleys  or  combes  cut  into  the  sides  of  the  hills,  remark- 
able on  account  of  the  floors  of  the  diflerent  sets  being  on  nearly 
similar  horizons.  In  these  counties  the  combes  are  nearly  always 
occupied  by  lakes  in  "  rock  basins,"  and,  as  Professor  Bamsay  sug- 
gestSy  it  is  highly  probable  these  basins  were  scooped  out  by  ice ; 
moreover,  it  is  more  than  probable  that  subsequently  the  combes 
were  carved  out  by  marine  denudation,  not  only  because  their  floors 
are  on  regular  systems  of  horizons,  but  also  on  account  of  these 
levels  agreeing  with  those  of  the  combes  and  terraces  of  the  other 
hill-groups  in  Ireland  hundreds  of  miles  apart.  In  West  Cork,  as 
just  suggested,  the  features  of  the  combes  are  supposed  to  have 
been  modifled  by  ice  action,  apparently  because  the  rocks  were  not 
sufficiently  tenacious  to  be  capable  of  ofiering  much  resistance  to 
that  denudant.  This,  however,  was  not  the  case  among  all  the  hills 
of  Tar-connaught,  for  although  the  granite  and  Silurian  ground  in 
places  seems  to  have  suffered  greatly  from  ice-action,  yet  in  many 
places  among  the  hills  formed  of  the  metamorphic  rocks,  the  terraces 
and  combes  (or  htgs*  as  they  are  called  in  that  country)  are  appa- 
rently in  nearly  a  similar  state  as  when  the  sea  retreated  from  them, 
having  usually  a  slightly  sloping  floor,  and  the  lugs  rarely,  if  ever, 
containing  a  lake.  The  accompanying  Fig.  3.  represents  some  of 
these  lugs,  while  others  and  terraces  are  seen  in  Fig.  1.  The  floors 
of  these  lugs,  the  shelves  or  terraces  cut  in  the  slopes  of  the  hills, 
and  the  maums*  or  connecting  gaps,  here  as  well  as  in  West  Cork, 
are  on  different  systems  of  levels,  seemingly  proving  that  each 
system  was  formed  by  one  and  the  same  denudant,  very  universal  in 
its  operation,  and  similar  to  no  other  force  at  work  during  the 
present  age  save  marine  action.      That  these  terraces,  combes,  lugs, 

^  A  letter  from  Mr.  G.  W.  Ormerod,  printed  at  page  40  of  the  Geological  Maoa- 
zm  for  1869,  notices  the  traces  of  glacial  action  in  Sonth  Devon,  and  states  that 

the 

TOl. 


'  Luff,  a  Talley  or  gloomy  depression  among  hills. 

>  Mawn  or  ifiaoi,  mountain  j>ass,  or  connecting  gap  throngh  a  mountain  ridge, 
deriyed  from  M&nn  (ifot^n),  the  inside  part  or  hollow  of  the  hand.  (See  article  on 
Formation  of  BaTinea,  1^  author,  in  Qbol.  Mag.  Vol.  YI.  1869,  p.  406.) 
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etc,  were  fonned  prior  to  the  final  disappearanoe  of  the  ioe,  ii 


¥ig.  3.    Flat-bottomed  Iti^t  cat  into  the  north  aide  of  the  Mnihrea  hilli. 

proved  by  the  rocks  forming  them  being  dressed,  polished,  grooved, 
and  etched.^ 

In  the  Silurian  and  granite  countries  the  action  of  the  sea  is  not 
so  apparent,  and  a  casual  observer  might  not  remark  any  traces  of  it  ; 
however,  on  the  hill-side  in  many  places  are  sloping  terraces,  which 
on  comparison  are  found  to  be  on  similar  levels  to  the  terraces,  etc., 
just  now  mentioned,  and  consequently  having  a  like  origin,  but  now 
modified  or  nearly  obliterated  by  the  subsequent  meteoric  nibrasion. 

It  has  now  been  demonstrated  that  the  features  of  Tar-connanght 
as  they  now  exist  are  due  to  the  joint  work  of  the  three  denndants, 
namely  :  marine  aetionj  %€$,  and  meteorie  abranon ;  yet  in  parts  of  that 
country  there  are  now  scarcely  any  traces  of  marine  action,  although 
this  force  must  have  acted  in  those  portions  prior  to  the  ice  and  £e 
[Subsequent  meteoric  abrasion,  as  much,  if  not  more,  than  in  the 
tracts  where  the  traces  are  still  conspicuous.  Part  of  this  coimtzy 
in  which  the  traces  of  marine  denudation  have  been,  nearly  oblite- 
rated is  formed  of  Silurian  rocks,  somewhat  simflar  in  character 
to  the  grit  slabs  and  slates  of  Devon  (Devonian  rocks),  and  in  this 
part  of  Yar-connaught  the  valleys  are  of  the  same  character,  and  are 
very  similar  to  those  of  Devon.  Is  it,  therefore,  unreasonable  to 
suggest  that  the  three  forces  which  jointly  formed  the  present  fea- 
tures of  Yar-connaught,  were  also  combined  in  carving  out  the  pre- 
sent surface  of  Devon,  although  all  conspicuous  traces  of  ice  and 
marine  action  may  have  been  since  obliterated  by  meteoric  abrasion.* 

rV. — On  Volcanos.' 

Bt  Dayid  Forbes,  F.B.S.,  btc. 

HAVING  listened  with  much  pleasure  to  several  able  lectures  on 
Geology  and  PalsBontology  which  have  already  been  delivered 
in  this  Hall,  I  believe  I  am  correct  in  affirming,  that  the  general 
tendency  of  these  discourses  has  been  altogether  in  one  direction ; 

'  In  Ireland  also  there  are  at  least  two  or  three  sets  of  terraces  that  were  formed 
snhseqaent  to  the  disappearance  of  the  mass  of  the  ice,  hut  prohahlj  prior  to  the 
Jinal  disappearance  of  the  snow  on  the  uplands  and  the  ice-streams  in  the  hill 
Talleys.    (See  Memoir  Geol.  Survey,  Ireland,  ex.  sheet,  105^ 

'  There  are  sloping  terraces  on  some  of  the  hill-sides  of  DcTon  and  Cornwall,  hnt 
whether  they  occur  in  systems,  and  consequently  are  due  to  marine  action,  has  still  to 
be  worked  out. 

3  Being  the  luhatanoe  of  a  lecture  delirered  in  St  George's  Hall,  June  19,  1870. 
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the  object  being,  to  impress  foidbly  upon  your  minds  the  opinion 
that  vie  various  changes  which  have  taken  place  in  the  earth's 
history,  inhabitants,  and  surface  configuration,  have  been  mainly 
effected  by  what  may  be  termed  external  agencies,  t>.,  by  forces 
acting  from  without,  slow  but  sure  in  their  operations,  yet  but 
oomparatively  so  feeble  in  their  energy  as  to  demand  a  praoti- 
oally  unlimited  amount  of  time  being  placed  at  their  disposal 
to  enable  them  to  accomplish  those  great  revolutions  which  we  see 
and  know  to  have  taken  place  in  the  geological  history  of  our  globe. 

The  object  of  the  present  discourse,  however,  is  precisely  the 
reverse ;  for  at  the  same  time  that  I  wish  you,  as  I  do  myself,  to 
realise  in  your  minds  and  fully  appreciate  the  immense  importcmce 
of  the  study  of  these  slow,  or  as  they  have  been  called  "  uniformi- 
tarian,"  agencies,  I  would  request  your  attention  in  quite  an  opposite 
direction,  in  order  to  point  out  to  you,  that  if  we  wish  to  arrive  at 
sound  conclusions  on  these  subjects,  we  must  constantly  bear 
in  mind  the  fact  that,  from  the  very  oldest  periods  in  the  earth's 
history  down  to  the  present  day,  we  have  the  most  clear  and  incontro- 
vertible evidence  to  prove  the  existence  of  internal  agencies  also, 
that  is,  of  forces  acting  from  within  the  eeui;h  itself,  which,  from  their 
often  being  at  the  same  time  both  intensely  energetic  and  instan- 
taneous in  their  operations,  have  been  termed  cataclysmic,  in  contra- 
distinction to  the  so-called  uniformitarian,  or  external  agencies,  before 
referred  to. 

Yolcanos,  which  we  are  about  to  consider,  are  but  so  many  exist- 
ing proofs  of  the  activity  of  such  internal  forces  at  the  present  mo- 
ment, and  as  a  geologist  I  may  be  almost  pardoned  if  I  regret,  that 
we  do  not  in  our  happy  isles  possess  even  a  single  example  of  an 
active  volcano.  Had  we  one,  it  would  have  immensely  aided  my 
efforts  to-day ;  for  as  the  old  saying  has  it,  ''  out  of  sight,  out  of 
mind,"  I  feel  that  the  previous  lecturers  have  in  this  respect  had  a 
great  advantage  over  me,  since  a  mere  appeal  to  your  experience  and 
observation  at  home  could  not  but  greatly  assist  them  when  ex- 
plaining to  you  the  effects  of  rain  and  rivers,  or  of  ice,  or  the  sea, 
upon  the  surface  of  the  ground.  I,  on  the  contrary,  cannot  point  out  to 
you  even  the  smoke  of  one  of  those  subterranean  furnaces  which  form 
the  subject  of  my  discourse. 

Although  I  imagine  that  but  very  few  of  those  now  present  have 
ever  witnessed  a  volcano  in  eruption,  I  feel  quite  sure  that  all  must. 
have  read  accounts  of  such  phenomena.  During  the  last  few  years, 
indeed  I  may  say  months,  these  have  been  of  more  than  usually 
frequent  occurrence,  and  the  newspapers  have  from  time  to  time 
brought  us  particulars  of  considerable  volcanic  outbreaks,  both  sub- 
marine  as  well  as  terrestrial,  in  various  parts  of  the  world,  very 
distinct  from  one  another. 

As  regards  the  geographical  distribution  of  recent  volcanos,  a 
glance  at  the  geological  map  of  the  world  will  suffice  to  show  that 
they  are  in  reality  scattered  all  over  its  surface ;  yet  it  may  be  added, 
more  rarely  occurring  at  any  great  distance  from  the  sea,  although 
exceptional  instances  are  met  with  far  inland  in  all  the  four  quarters 
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of  the  globe.  In  the  north  we  find  the  Toleanos  of  Ibeland,  Jan 
Mayen,  Eamschatka,  Alaska,  and  others ;  whilst  the  Antaictic  voyages 
of  Boss  prove  that  the  monntains  of  the  nearest  aooessible  lioA  to 
the  South  Pole  are  also  active  volcanos. 

At  the  Equator,  all  but  innumerable  volcanos  are  seen  in  the 
islands  of  the  Indian  and  Polynesian  Archipelagos,  as  well  as  in  the 
Pacific  and  Atlantic  Oceans,  and  on  the  mainland  of  South  Amerioa. 
Midway  between  the  Equator  and  the  Poles  are  situate  the  volcanos 
of  New  Zealand,  the  Canaries,  Cape  Verde,  Azores,  and  Sandwich 
Islands,  as  also  those  of  Arabia,  Eastern  Africa,  Mexico,  Central 
America,  and  the  volcanos  of  the  whole  range  of  the  Andes  down  to 
Tierra  del  Fuego. 

Nearer  home,  Vesuvius,  Etna,  StromboU,  Santorin,  and  nmnerons 
others  in  the  Mediterranean,  if  not  so  grand  in  their  dimensions  as 
some  of  those  previously  referred  to,  still  present  on  the  large  scale 
all  the  various  aspects  of  volcanic  phenomena,  both  submarine  as 
well  as  terrestrial. 

If  now,  however,  we  take  a  broader  view  of  volcanic  phenomena, 
— and  in  addition  to  the  before-mentioned  still  existing  proofs  of  the 
general  distribution  of  volcanic  centres,  as  they  have  been  termed,  we 
also  take  into  consideration  the  occurrence  of  ernptive'rocks  of  similar 
origin,  which  are  everywhere  found  distdrbing  and  breaking  throng 
the  strata  of  even  the  oldest  rock  formations, — ^it  will  be  seen,  at  least 
as  far  as  the  geology  of  the  earth's  surface  is  at  present  knovni  to  us, 
that  there  is  scarcely  a  single  area  of  any  magnitude— of  either  the 
land  or  sea — which  at  some  period  or  other  has  not  been  broken 
through  or  disturbed  by  what  may  be  termed  volcanic  forces,  acting 
from  within  the  mass  of  the  earth  itself ;  and  it  is  impossible  to  come 
to  other  than  the  conclusion  that  these  agencies  must  have  played  a 
most  important  part  in  determining  the  main  features  of  the  earth's 
external  configuration  as  well  in  our  times  as  throughout  cdl  periods 
of  its  history. 

Should  the  question  be  asked,  What  is  a  volcano  ?— the  simplest  re- 
ply would  bo,  "A  hole  in  the  ground  deep  enough  to  reach  such 
portions  of  the  interior  of  the  earth  as  are  in  a  molten  condition." 

In  ordinary  language,  however,  the  appellation  of  "  volcano"  is 
usually  restricted  to  those  cone-shaped  mountains,  from  the  hollow 
summits  of  which  flames,  smoke,  and  vapours  are  at  times  seen 
to  ascend,  and  which  occasionally  break  out  into  more  imposing 
activity  by  vomiting  forth  showers  of  ashes  and  fragments  of  in- 
candescent rock,  or  by  pouring  out  torrents  of  molten  stone,  to  deluge 
and  devastate  the  unfortunate  country  in  the  vicinity. 

The  numerous  interesting  descriptions  and  figures  of  volcanic 
mountains,  like  Vesuvius  and  others,  which  have  appeared  in  popular 
as  well  as  scientific  publications,  have  no  doubt  made  you  aU  quite 
familiar  with  the  external  features  of  a  volcano,  both  when  at  rest 
and  in  action,  so  that  a  description  from  me  would  be  superfluous ; 
the  internal  structure  and  mode  of  formation  of  each  moimtain  re- 
quires, however,  some  consideration,  more  especially  as  these  pointf 
were  for  a  long  time  a  subject  of  discussion  among  geologists. 
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It  faaTing  always  been  admitted  that  voloanos  owed  their  origin  to 
foroes  operating  from  below>  it  was  suggested  by  Yon  Buch,  and 
supported  by  Humboldt  and  others,  that  yolcanic  oones  must  be 
formed  by  some  portion  of  the  surface  of  the  earth  weaker  tiian  the 
rest  being  forced  out,  or  as  it  were  blown  up  like  a  soap-bubble,  by 
the  pressure  of  the  vapour  and  gases  confined  below,  the  strata  being 
thereby  elevated,  fractured,  and  tilted  up  on  all  sides,  so  as  to  pro- 
duce a  conical  elevation,  the  central  fissure  in  which  became  a  crater 
or  vent  for  the  escape  and  passage  of  the  gaseous  and  liquid  eman- 
ations from  below. 

This  hypothesis,  which  accounted  for  the  formation  of  volcanic 
oones  and  craters  by  a  process  of  upheaval,  or  as  it  was  termed  the 
'*  Crater  of  Elevation,"  is  here  alluded  to,  only  because  it  for  a  long 
time  was  accepted  by  many  eminent  men  of  science,  until  the  sub- 
sequent researches,  especially  of  Mr.  Scrope  and  Sir  Charles  Lyell, 
demonstrated  conclusively  that  it  is  not  confirmed  when  their 
actual  structure  is  studied  in  the  field,  and  explained  their  true  for- 
mation by  what  is  now  termed  the  *'  Crater  of  Eruption"  theory. 

If  we  imagine  a  volcanic  cone  cut  through  its  centre,  so  as  to  pre- 
sent us  with  a  section  of  its  entire  mass,  it  will  be  seen  that  the 
mineral  matter  of  which  it  is  composed  possesses  in  itself  a  sort 
of  arrangement  in  layers,  which  at  first  sight  somewhat  resembles 
beds  of  ordinary  sedimentary  origin  broken  through  and  tilted  up 
towards  the  centre ;  a  closer  examination,  however,  shows  that  these 
layers  were  never  at  any  time  horizontal,  but  that,  on  the  contrary, 
they  had,  from  the  very  first,  been  deposited  in  the  same  inclined 
position  in  which  they  are  now  seen,  and  that  they  must  have  been 
formed  subsequently,  not  previous  to  the  opening  of  the  crater  itself, 
since  they  are  entirely  composed  of  matter  thrown  up  from  its 
orifice.  Every  step  in  the  formation  of  such  volcanic  cones  has  now 
been  carefully  studied  and  described ;  and  as  I  have  myself  had 
good  opportunities  for  watching  their  construction  duiing  most  of 
the  stages,  I  shall  attempt  a  short  description  of  the  general  features 
of  a  volcanic  eruption. 

The  commencement  of  an  eruption  is  known  in  most  cases  by 
certain  preliminary  symptoms  indicative  of  great  internal  disturb- 
ance, such  as  rumbling  noises  and  sounds,  as  if  of  explosions  below, 
which  have  been  likened  to  subterranean  thunder ;  the  surface 
waters,  springs  and  wells  in  the  vicinity,  generally  acquire  an  un- 
usually high  temperature,  diminish  in  volume  or  disappear  alto- 
gether, and  repeated  earthquake  shocks  more  or  less  severe  aie  felt, 
which  eventually  culminate  in  a  grand  convulsion,  by  which  the 
surface  is  rent  asunder  with  fearful  violence,  allowing  immense 
volumes  of  previously  pent-up  vapour  and  gases  to  rush  forth  from 
the  fissure,  with  such  impetuosity  as  to  hurl  high  into  the  air  huge 
fragments  of  the  shattered  rocks,  along  with  large  quantities  of 
molten  lava,  in  so  liquid  a  condition,  that  during  its  ascent  it  is  seen 
to  be  splashed  about  in  the  air  like  water,  and  to  become  separated 
into  particles  of  all  sizes.    Vast  quantities  of  these  particles,  to  which 
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the  name  of  voloamc  ash  or  dust  has  been  applied,  ore  instanlaiie- 
onsly  reduced  to  so  fine  a  state  of  divisiony  literally  ^' blown  to 
atoms,"  as  to  become  converted  into  an  almost  impalpable  powder^ 
capable  of  being  carried  away  by  the  winds  preip^ing  during  an 
eruption  to  distances  of  even  hundreds  of  miles  from  the  onfioe 
from  which  they  had  been  ejected,  and  ultimately  settle  down  on 
the  land  or  in  the  sea  to  form  deposits,  whose  nature  would  often  be 
a  puzzle  to  geologists,  did  not  &e  microscope  at  once  reveal  theiz 
true  mineral  character  and  volcanic  origin. 

Other  particles,  less  finely  divided,  become  granulated  and  fidl 
down  from  the  air  in  the  shape  of  small  black  grains  known  as 
volcanic  sand ;  whilst  still  larger  portions^  owing  to  the  bobbles  of 
vapour  or  gas  entangled  in  their  substance,  descend  as  black  porous 
or  spongy  stones,  from  the  size  of  a  pea  to  that  of  one's  bead  or 
larger,  and  have  received  the  names  of  lapilli,  scorisB,  or  voloanio 
cinders,  from  their  presenting  much  the  i^ppearance  of  .an  ordinazy 
cinder  from*  a  coal  fire.  Although  the  scoriiB  thrown  up  by  voloanos 
are  in  major  part  of  a  dark  colour,  there  are  also  others  (called 
trachy  tic)  much  lighter  both  in  colour  and  weight,  which  are  usually 
more  common  at  the  commencement  of  an  eruption;  and  the  ordinaxy 
pumice  stone,  which  is  imported  in  laige  quantities  from  tbe  vol- 
canoB  in  the  Lipari  Islands,  for  the  use  of  painters,  eto.»  is  an 
example  of  this  variety  familiar  to  you  all. 

A  peculiar  form  of  lava  is  produced  by  the  currents  of  wind 
blowing  over  the  surface  of  the  molten  matter  in  the  crater  catching 
up  portions  of  it  and  drawing  them  out  into  long,  slender  filaments, 
like  hair  or  spun  glass,  of  all  shades  of  black,  brown,  or  yellow. 
In  the  Sandwich  Islands,  where  this  variety  is  very  abundant,  it  is 
called  Pele*s  hair,  from  the  name  of  one  of  their  ancient  goddesses. 

In  the  intervals  of  an  eruption,  or  after  the  greatest  force  of  the 
rush  has  spent  itself,  the  vapours  often  rise  through  the  molten  lava 
in  the  crater  in  smart  pufis,  which  carry  up  with  them  portions  of 
the  fluid  lava  high  into  the  air,  whence  they  descend  consolidated  as 
spheres  or  somewhat  elongated  bodies,  consisting  of  an  external  shell 
of  solid  lava,  hollow,  or  only  filled  with  vapour  or  gas  in  the  centre. 
From  their  resemblance  to  mib'taiy  projectiles,  these  bodies,  which 
vary  frx)m  the  size  of  an  orange  to  that  of  a  pumpkin,  have  received 
the  name  of  volcanic  bombs. 

The  mineral  matter  thrown  up  into  the  air  from  a  volcanic  vent 
necessarily  descends  again  by  virtue  of  its  own  weight;  a  portion 
drops  back  into  the  crater,  but  the  major  part  falling  beyond  it  accu* 
mulates  around  its  brink  to  form  a  mound,  which,  since  the  larger 
and  heavier  pieces  are  not  projected  to  so  great  a  distance  as  the 
others,  keeps,  as  it  increases  in  size,  raising  itself  more  rapidly  in 
height  nearest  around  the  vent,  than  further  off,  and  thus  builds  up 
a  hollow  cone,  the  throat  or  chimney  of  which  is  kept  open,  at  least 
during  the  continuance  of  an  eruption,  by  the  upward  ru^  of  the 
gases  and  vapour  forced  through  by  the  pressure  below. 

The  action  of  the  heat,  being,  of  course,  much  more  intense  in  the 
chimney  or  throat  of  the  crater,  now  causes  the  at  first  comparatively 
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loOM  materiab  whiob  formed  its  walls  to  soften  and  oement  them- 
sel^eB  together  on  the  inside  into  a  sort  of  compact  stony  tube  of 
oommomoation  with  the  lower  i^ons,  much  more  solid  and  resistant 
than  the  rest  of  the  mass,  of  which,  as  before  described,  the  entire 
oone  had  been  bmlt  np.  Once  this  is  the  case,  the  molten  lava, 
foioed  np  by  the  gaseoos  pressure  below,  frequenUy  ascends  into  the 
enter  itself,  and  OTcrflowing  its  brim  pours  down  the  outside  of  the 
ooii6»  just  like  water  when  placed  over  too  rapid  a  fire  is  seen  to 
boiQ  over  the  edjgs  of  the  pot  in  which  it  is  heated. 

These  oecasienal  overflows  of  lava  explain  how  in  the  section  of  a 
volcanic  cone  layers  of  more  compact  lava  are  so  frequently  seen 
altematmg^  with  those  of  the  porous  scorin  and  volcanic  sand  before 
described. 

In  more  rare  instances,  as  for  example  in  the  eruption  of  Mauna 
Loa,  in  the  Sandwich  Iskmds,  iur  February,  1859,  the  lava  is  ejected 
in  so  wonderfWy  liquid  a  condition,  and  in  such  enormous  volumes, 
aa  to  present  the  appearance  of  a  red-hot  fountain ;  the  jet  of  molten 
laiva  tnrown  up  from;  the  crater  on  that  occasion  is  described  as  about 
260  feet  in  diameter,  and  as  rising  some  500  feet  above  the  level  of 
the  brim  of  the  crater  itself. 

Occasionally,  during  an  eruption,  the  rim  of  the  orater,  unable  to 
support  the  weight  of  the  molten  lava  which  fills  it,  gives  way  at  its 
weakest  point,  me  lava  bursting  out  and  carrying  away  one  side  of 
the  cone  itself;  at  other  times  the  lava,  after  having  risen  some  height 
m  the  crater,  finds  out  a  point  of  weakness  and  breaks  through,  £s- 
charging  its^  by  a  fissure  some  way  up  the  side  of  the  cone,  as  was 
the  case  with  the  volcano  of  Sajama,  in  Bolivia,  in  1859,  and  with 
Btna  in  1865. 

In  many  eruptions  the  lava  does  not  ascend  at  all  into  the  crater, 
but  breaks  out  at  the  very  base  oi  the  cone,  or  even  at  some  consider- 
able distance  from  it  through  some  subterranean  passage ;  this  took 
place  in  the  eruption  of  EUauea,  in  the  Sandwich  Islands,  in  Jime, 
1840,  when  the  lava  first  showed  itself  at  the  surface  at  Arare,  some 
six  miles  eastwards  of  the  crater  which  supplied  it. 

In  faot^  most  voleanos  will,  upon  examination,  be  found,  at  one 
or  other  period  of  their  history,  to  have  presented  examples  of  more 
than  one,  if  not  of  all  these  di£ferent  modes  of  discharging  their 
molten  products. 

The  eruption  of  Etna,  in  1865,  which  I  witnessed,  did  not  proceed 
from  the  summit  or  main  crater,  but  broke  out  on  the  side  of  the 
mountain,  about  5,000  feet  above  the  level  of  the  sea.  Along  the 
fissure  or  rent  formed  by  the  convulsion,  no  less  than  seven  distinct 
oones  rose  up  at  intervals,  building  themselves  up  very  rapidly  from 
the  enormous  quantities  of  scoriad  which  were  thrown  up  from  their 
vents ;  as  they  became  larger,  the  bases  of  several  of  these  cones  ex- 
tended until  ti\ey  united,  and  so  formed  a  range  of  hills,  the  summits 
of  which,  in  but  a  few  weeks,  reached  the  height  of  several  hundred 
fiMt,  and  totally  changed  the  character  of  scenery  of  this  part  of  the 
island.  The  four  lowest  cones  were  the  most  active,  but  from  none 
of  their  craters  was  there  any  overflow  of  lava,  whioh^  ho^^^^x^ 


320  2).  Forhes—On  Vokanos. 

poured  out  from  the  very  base  of  the  cones,  forming  a  fieiy  river  ap- 
{)arently  about  three  miles  across,  which  destroyed  all  before  it, 
cutting  through  a  large  pine  forest,  and  at  one  place  leaping  like  a 
cascade  of  liquid  fire  over  a  precipice  some  150  feet  in  height. 

The  formation  of  a  new,  or  re-opening  of  an  old  volcanic  vent,  is 
usually  accompanied  by  a  terrific  explosion,  often  to  be  heard  at 
immense  distances  ;  thus  in  1812,  the  outburst  of  the  volcano  of  San 
Vincent  was  heard  in  the  north  of  South  America,  some  700  miles 
distant.  The  enormous  force  developed  by  tiie  rush  of  gases  and 
vapours  from  the  fissure  may  be  imagined,  when  it  is  known  that  in 
the  eruption  of  Mount  Ararat,  in  1840,  huge  masses  of  rocks,  weighing 
as  much  as  25  tons,  were  thrown  out  of  the  crater.  Ootopaxi  is  said 
to  have  even  hurled  a  200-ton  rock  to  a  distance  of  nine  miles,  while 
the  volcano  of  Antuco,  in  Chili,  in  1828,  sent  stones  flying  to  a  dis- 
tance of  36  miles  from  its  orifice. 

The  issue  of  gaseous  matter  from  the  crater  of  a  volcano  is  often 
described  as  a  column  of  flame — ^this  is  incorrect ;  for  although  pos- 
sibly a  little  burning  hydrogen,  or  sulphuretted  hydrogen  might  be 
present,  especially  on  the  outer  edge  of  the  column,  the  appearance 
of  the  column  or  fountain  of  flame  is  in  reality  due  to  the  gaseous 
matter  of  which  it  consists  being  illuminated  by  the  fragments  of  red- 
hot  rock  and  molten  lava  thrown  up  along  with  it  (like  sparks  in 
fireworks),  assisted  by  the  reflection  from  the  red-hot  sides  of  the 
crater  itself,  and  from  the  surface  of  the  molten  lava  below. 

The  chemical  composition  of  the  gasiform  emanations  fh)m  volcanos 
proves  that  they  are  in  greater  part  incombustible,  and  therefore 
does  not  support  the  idea  that  the  body  of  such  a  column  of  vapour 
and  gases  could  be  in  flames,  i.e.,  actually  burning.  On  the  outside 
of  the  column,  however,  innumerable  brilliant  scintillations  of  a 
bluish  colour  are  frequently  seen,  due  to  particles  of  sulphur  taking 
fire  as  they  come  in  contact  with  the  outer  air,  and  patches  of  melted 
sulphur  are  splashed  about,  burning  brightly  as  they  fall  through  the 
air  on  to  the  slopes  of  the  cone.  The  emission,  or  belching  forth^  as 
it  has  been  called,  of  the  gaseous  matter,  with  its  accompanying  red- 
hot  ashes  and  soorisB,  is  more  an  intermittent  than  a  continuous 
operation.  When  an  eruption  is  at  its  height,  the  spasmodic  pufis  or 
blasts  are  jerked  out  at  intervals  of  but  a  few  seconds,  attended  by  a 
terrific  roaring  or  bellowing  noise  difficult  to  describe  in  words. 

The  buried  cities  of  Stabiae,  Herculaneum,  and  Pompeii,  covered 
up  in  parts  to  the  depth  of  100  feet  with  the  ashes  of  Vesuvius,  are 
ocular  proofs  of  the  vast  quantity  which  can  be  sent  out  of  a  volcanic 
vent  during  an  eruption.  The  volcano  of  Sangay  in  Ecuador,  in 
constant  activity  since  1728,  has  buried  the  country  around  it  to  a 
depth  of  4000  feet  under  its  ashes,  and  a  French  geologist  has  esti- 
mated that  in  the  course  of  only  two  days  the  volcano  of  Bourbon 
has  thrown  out  no  less  than  300,000  tons  of  volcanic  ashes.  The 
immense  distances  to  which  these  ashes  may  be  transported  by  the 
winds  is  no  less  surprising ;  the  ashes  of  Vesuvius  in  the  eruption 
which  buried  Pompeii  darkened  the  sun  at  Home,  and  were  carried 
AS  far  as  Syria  and  Egypt      Those  from  San  Vincent  in  1812  are 
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reported  to  have  made  the  sky  as  dark  as  night  in  the  Barbadoes ; 
«nd  in  Iceland  in  1766  the  air  became  so  charged  with  ashes  for  a 
distance  of  150  miles  around  Hecla,  that  even  the  brightest  light 
could  not  be  distinguished  at  a  few  yards. 

Amongst  the  still  active  volcanos,  we  meet  with  some  whose 
eraters  are  several  miles  in  diameter,  encircled  by  precipitous  sides, 
rising  to  even  a  thousand  feet  above  the  bottom  of  the  crater  when 
at  leet,  which,  as  in  the  Sandwich  Islands,  may  contain  reservoirs  or 
rather  lakes  of  liquid  lava,  two  to  four  miles  across,  and  at  times 
send  forth  rivers  of  molten  stone  several  miles  in  breadth,  extending 
their  fieiy  inundation  to  a  distance  of  even  40  miles  from  the  crater 
whence  mey  issued.  In  the  eruption  of  Hualalia  in  1801,  a  lava 
current,  after  reaching  the  coast,  poured  out  such  volumes  of  lava  as 
to  fiU  up  a  bay  some  twenty  miles  deep,  and  in  its  place  extend  a 
headland  some  three  or  four  miles  further  into  the  sea. 

The  rate  at  which  these  rivers  of  molten  stone  flow  is  a  very 
varying  one ;  in  1805  the  lava  current  from  Vesuvius  is  said  to  have 
mn  down  the  first  three  miles  in  four  minutes,  yet  only  completed 
its  total  distance  of  six  miles  in  three  hours ;  and  in  1840  that  from 
Maima  Loa  advanced  no  less  than  18  miles  in  two  hours ;  whilst,  on 
the  other  hand,  it  is  recorded  that  during  the  eruption  of  Etna  which 
commenced  in  1614  and  continued  many  years,  the  lava  stream  only 
completed  a  distance  of  six  miles  in  10  years,  notwithstanding  that 
all  this  time  it  was  seen  to  be  in  slow  but  almost  imperceptible 
motion.  During  the  eruption  of  thi»  volcano  in  1865,  I  found,  how- 
ever, that  at  the  edge  of  the  current  the  rate  of  motion  varied  from 
15  to  120  feet  per  hour,  according  to  local  circumstances,  whilst  in 
the  centre  of  the  stream  the  lava  was  evidently  still  more  rapid  in 
its  movements.  The  entire  mass  of  a  lava  stream  often  advances 
even  when  to  the  eye  it  would  appear  to  have  become  quite  solid. 
Upon  my  throwing  a  heavy  stone  on  to  the  top  of  a  lava  current  so 
far  consolidated  that  the  stone  merely  fixed  itself  into  the  surface 
without  sinking  deeper,  it  was  seen  that  the  stone  moved  along  with 
the  lava,  which  otherwise  looked  as  if  stationary. 

The  surface  of  this  lava  consolidated  and  cooled  with  almost  in- 
credible rapidity.  Notwithstanding  the  protestation  of  my  guides,  I 
walked  over  lava  currents  when,  at  the  same  time,  the  fiery  stream, 
still  flowing  below,  could  be  distinctly  seen  through  the  cracks  in 
the  crust  over  which  I  passed. 

On  this  occasion,,  also,  the  stems  of  the  pine-trees  in  the  forest 
which  was  destn^ed  by  this  eruption  were  converted  into  charcoal 
as  high  as  the  lava  reached,  but  the  upper  portions  of  the  trees 
ihen  toppled  over,  and  remained  in  an  almost  unaltered  and  un- 
oharred  condition  on  the  top  of  the  lava  current,  which  had  so 
qnickly  cooled.  The  crust  which  forms  on  the  top  of  the  lava  when 
cooling,  being  an  excellent  non-conductor,  acts  so  efi&ciently  in  pre- 
venting further  escape  of  heat,  that  we  find  streams  of  lava  requiring 
many  years  and  even  ages  to  become  quite  cold.  Dolomieu  relates 
that  the  lower  part  of  the  Ischia  lava  of  1301  was  still  hot  in  the 
year  1785. 
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When,  owing  to  the  disraptions  of  the  gioimd  axound  Toloanot, 
the  wateo:  from  springs^  rivers,  lakes,  or  the  sea  itself  is  bron^t 
into  contact  with  the  heated  mineral  matter  below,  we  have  the  pxo- 
duction  of  liie  so-called  mud  volcanos,  or  of  fissures  sending  forth 
torrents  of  heated  mud  and  water,  and  ofben  throwing  out  numben 
of  fishes  which  had  lived  previously  in  these  souroea.  The  Gej- 
sers  of  Iceland  present  somewhat  similar  phenomena*  but  on  tins 
occasion,  time  will  not  permit  these  subjects  being  treated  in  detaiL 

Whilst  some  volcanos,  like  Stromboli  (the  li^iihouae  of  the 
Mediterranean,  as  it  was  called  by  the  ancients),  have  oontiBued  in 
incessant  activity  from  the  oldest  historical  periods  down  to  the 
present  day,  the  eruptions  of  others  are  only  known  to  have  tsken 
place  at  long  intervals.  Vesuvius,  although  imagined  by  Strabo  to 
have  had  a  volcanic  origin,  was  not  known  even  by  tradition  to  have 
ever  been  in  eruption  until  the  year  79,  when  Pompeii  was  over- 
whelmed by  it.  Since  that  time,  however,  up  to  the  present  date,  it 
has  given  ample  proofs  of  its  rolcanic  activity ;  yet  its  history  shows 
several  intervals  of  a  century,  and  one  of  more  than  two  oentories, 
in  which  no  eruption  took  place.  No  outbreak  of  the  volcano 
Sangay,  in  Ecuador,  is  recorded  before  1728,  since  which  year  it  has 
been  in  continued  activity ;  and  Krabla,  in  Iceland,  also  remained  at 
rest  for  several  hundred  years  before  1724.  In  fieust^  it  may  be 
safely  affirmed  that  it  is  quite  impossible  for  us  to  know  whether  any 
volcano  at  all  is  entitled  to  be  regarded  as  reaUy  extinct 

£ven  for  ages  after  the  last  outburst  of  lava  it  is  found  that 
smoke  and  acid  vapours  continue  to  be  given  off  from  most  volcanic 
vents,  and  the  extraction  of  the  sulphur  found  in  the  craters,  and 
sublimed  into  the  fissures  around  dormant  volcanos,  forms  in  many 
countries  an  important  branch  of  industry. 

Although  as  yet  I  have  confined  my  remarks  altogether  to  terres- 
trial volcanos,  it  must  not  ^yQ  supposed  that  &e  depths  of  the  sea  are 
exempt  from  sucli  visitations,  and  in  the  last  few  years  we  have  had 
several  prominent  examples  to  the  contrary  in  different  parts  of  the 
world.  Submarine  volcanos  were  well  known  to  the  ancients.  Pliny 
and  older  writers  refer  to  those  in  the  Mediterranean  which  threw 
up  the  islands  of  Delos,  Ehodes,  Anappe,  Nea,  etc.  In  the  Cydades, 
very  curious  examples  have  occurred,  both  in  verv  ancient  and  in 
the  most  recent  times.  Of  these  islands,  Therasia  is  reoorded  to 
have  been  formed  in  the  third  century  b.o.  ;  as  also,  somewhat  later 
in  the  same  century,  Hie  island  of  Thera,  now  called  Santorin ;  sub- 
sequently Hiera,  91  B.C.,  and  then  Thea,  a.d.  IS,  appeared,  whidi 
last  two  were  in  726  united  by  an  eruption,  and  together  form  the 
present  island  of  Eaimeni.  In  1575,  a  smaller  island,  called  Little 
Kaimeni,  showed  itself,  around  which  in  1650  numerous  other  islets 
were  thrown  up,  which  were  united  to  Little  Elaimeni  during  the 
eruptions  which  continued  from  1707  to  1812,  when  the  island,  thus 
increased  in  size,  became  known  as  New  Eaimeni  Finally,  the  last 
eruption  (still  going  on)  which  commenced  28th  Januair,  1866, 
presented  us  on  the  2nd  February  with  a  new  island,  now  oalled  King 
Ueorge's  Island,  from  the  present  King  of  Greece,  which,  aooo]  ~ 
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to  file  latest  aoooants,  Btill  continues  to  increase  in  size.  Nome* 
rons  other  examples  might  be  cited,  bat  I  shall  only  mention  the 
island  of  Johanna  Bogoslawa,  in  Alaska,  which,  altiiough  it  only 
first  showed  itself  aWve  the  water  in  Ma^,  1796,  had  in  1806 
inoTBased  so  as  to  be  an  immense  volcanic  island,  Uie  summit  of 
which  was  then  eleyated  to  no  less  than  3,000  feet  above  the  level 
of  the  sea. 

The  volcanic  products  thus  forced  out  under  the  sea  present,  as 
be  expected,  a  vexy  different  aspect  from  that  of  the  ashes, 
soorin,  and  lava  from  terrestrial  volcanos ;  the  molten  lava,  coming 
in  contact  with  the  water,  is  at  once  broken  up  into  fragments,  coarser 
or  finer  in  proportion  to  the  greater  or  less  cooling  power  of  the 
water  in  immediate  contact  with  them,  and  often  in  great  part  in^ 
stantly  converted  into  fine  mud,  of  a  greyish  colour  when  formed  from 
tiadhytic  lava,  but  more  commonly  of  a  chocolate  or  other  dark  tint, 
«iid  muoh  denser  when  produced  from  the  more  prevalent  pyroxenic 
Unra.  Beds  of  this  chaxaoter,  q>read  out  by  ue  action  of  the  sea, 
often  inclosing  shells,  fish,  and  other  coqgsnic  remains,  become  in 
lime  oonsolidated  and  upheaved,  and  as  they  often  present  an  ap- 
pearance much  lesemUiBg  ordinary  volcanic  rocks,  they  have  tie* 
quently  pvoM  geologists,  who  at  first  found  a  difficulty  in  explain* 
ing  the  presence  of  such  fossils  in  rocks  apparently  of  igneous  origin. 

As  the  limits  of  this  discourse  will  not  permit  of  my  going  further 
into  the  consideration  of  these  phenomena,  or  of  even  more  than  touch- 
ing upon  the  chemistry  or  mineralogy  of  volcanos,  as  I  should  have 
wished  to  do,  I  must  now  confine  myself  to  some  few  remarks  upon 
the  origin  of  volcanos,  premising,  however,  since  this  subject  is  still 
involved  in  great  obscurity,  that  what  I  have  to  say  on  this  head 
must  be  received  more  as  an  expression  of  my  own  opinions  than  as 
any  yet  received  theory  of  volcanic  action. 

Many  writers  on  this  subject  hold  to  the  belief  that  volcanos  are 
mere  local  phenomena,  each  one  springing  from  its  own  compara- 
tively small  reservoir  of  molten  matter,  supposed  to  have  originated 
from  the  softening  or  fusion  of  rocks  pre-existing  on  the  spot  at 
some  depth  below  the  surface. 

To  me,  however,  this  hypothesis  appears  altogether  imtenable, 
when  it  is  remembered,  amongst  other  objections,  which  I  have  else- 
where  considered,  that  volcanic  rocks  are  encountered  in  all  parts  of 
our  globe,  often  continuous  or  nearly  so,  over  immense  areas ;  and 
also  that  all  these  rocks,  without  reference  to  the  part  of  the  world 
in  which  they  occur,  are  invariably  alike  in  character  to  one  another. 

Volcanic  rocks  may  be  classified  under  two  heads,  viz.,  the  dark 
coloured,  more  dense ;  and  the  less  heavy,  light-coloured  lavas — termed 
respectively  the  basic  or  pyroxenic,  and  the  add  or  trachytic  lavas. 
Both  these  varieties  mav  proceed  from  the  same  voloanio  vent  in 
succession;  for  instance,  m  Vesuvius,  where  the  mineral  matter  which 
buried  Pompeii  is  trachytic,  but  the  later  lavas  are  generally  pyrox- 
enic in  character ;  this  also  was  the  case  in  the  recent  eruption  of 
Saatorin,  as  reported  upon  by  the  Austrian  Scientific  Commission. 

Tbid  examination  of  volcaoic  products,  no  matter  how  distant  the 
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Toloanos  may  be  from  one  another  wbenoe  they  are  taken,  proves 
them  to  be  altogether  identical  in  general  mineral  and  chemiotu  oon- 
stitiition. 

Mallet,  as  the  resnlt  of  experimental  reaearohea,  sappoaee  that 
Yeanyias  in  the  later  eruptions  drew  its  supply  of  molten  matter 
from  a  depth  of  somewhat  more  than  ei^t  miles  below  the  sorfiMse ; 
and  geologists  have  variously  estimated  the  thickness  of  the  total 
sedimentary  rocks  which  are  known  to  them  at  the  sniflAoe  of  the 
earth  at  from  seven  to  seventeen  miles :  we  also  know  from  obser- 
vations in  deep  mines  and  artesian  wells,  that  the  temperature  of  the 
earth's  crust  increases  as  we  descend,  about  two  degrees  for  every 
hundred  feet  in  depth ;  so  that  at  this  rate  a  temperature  sufficiently 
high  to  keep  lava  in  fusion  would  be  met  with  at  less  than  twenty 
miles  below  our  feet.  Taking  all  these  and  other  data  into  due 
consideration,  I  cannot  arrive  at  any  other  conclusion  than  that  all 
volcanos  are  connected  with  one  another  in  depth,  and  have  one 
common  source,  not  necessarily  situated  at  any  enormous  depth 
below  the  surface,  but  in  which  the  molten  matter,  whilst  always 
retaining  certain  general  characters,  has  undeigone  considerable 
changes  in  composition,  mineralogical  and  chemical,  from  time  to 
time  in  the  world's  history ;  for  under  the  term  **  volcanic  rooks,"  I 
would  here  include  all  eruptive  rocks  without  exception,  whether 
called  granites,  syenites,  porphyrites,  basalts,  or  lavas ;  all  of  which 
I  regard  as  but  so  many  members  of  one  chronolo^cal  series,  or 
simply  as  the  products  of  the  volcanic  action  of  different  geological 
epochs. 

So  much  for  the  molten  products  of  volcanos.  Now  a  few  words 
on  their  gasiform  emanations,  which  consist  in  greater  part  of  the 
vapour  of  water,  i.e.,  steam  along  with  volatile  chlorides,  hydro- 
chloric and  sulphuric  acids,  nitrogen  and  sulphuretted  hydrogen 
gases.  The  sulphur  seen  to  be  sublimed  in  so  large  quantities  is 
probably  derived  from  the  mutual  reaction  of  the  sulphurous 
acid  and  sulphuretted  hydrogen  gases  as  they  come  into  contact 
with  one  another. 

Now,  if  it  be  true  that  we  have  a  vast  accumulation  of  molten 
matter  at  a  certain  distance  below  the  surface,  which  observation 
further  informs  us  must  in  major  part  consist  of  the  silicates  and 
sulphides  of  the  metallic  elements,  then,  in  my  opinion  at  least,  it 
only  requires  the  assumption  that  water  from  the  sea  should,  by 
some  means  or  other,  find  its  way  down  into  such  a  reservoir,  to  ac- 
count for  all  the  phenomena  of  volcanos,  both  mechanical  as  well  as 
chemical.  The  greater  part  of  the  water  so  introduced  would  be  at 
once  converted  into  steam,  which  in  its  turn  would  become  still  fur- 
ther expanded  by  a  heat  so  great  as  that  of  molten  lava,  and  veould 
develope  an  enormous  power.  Calculations  have  been  made  which 
show  Uiat  water  even  when  heated  to  a  much  less  temperature  would 
exert  an  **  ejection  force,"  as  it  has  been  termed,  even  exceeding  that 
developed  in  eruptions  of  the  highest  volcanos  known.  Another 
portion  of  the  water,  with  the  air  carried  down  along  with  it,  acting 
upon  the  highly -heated  sulphides,  would  become  deoomposed,  and 
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ftmuBh  the  soIpliiiTetted  hydrogen,  solpharoiis  acid,  and  nitrogen 
gases,  given  off;  whilst  the  common  salt  in  the  sea- water,  by  its 
action  on  the  hot  silicates  in  presence  of  steam,  would  eliminate 
hydrochloric  acid,  and  accomit  for  the  appearance  of  it,  as  well  as  of 
the  volatile  chlorides  found  in  volcanic  fumes.  If  we  accept  this 
explanation,  the  chemical  reactions  would  be  but  the  effects  and  not 
the  cause  of  volcanic  phenomena. 

The  destructive  effects  attendant  on  volcanic  convulsions  are  of  two 
different  characters,  viz. :  those  arising  from  the  earthquakes  which 
accompany,  and  as  a  rule  precede,  volcanic  outbreaks,  and  those 
caused  by  the  products  ejected  from  the  volcano  itself.  The  connec- 
tion of  earthqujGtkes  with  volcanos  has  been  noted  from  the  oldest 
timea  The  earthquakes  which  commenced  a.d.  63  were  but  the 
efforts  made  by  Vesuvius  to  relieve  itself,  which  culminated  in  the 
l^reat  eruption  in  79 ;  the  same  was  the  case  in  Mexico,  with  Jorullo, 
m  1759 ;  and  with  ihe  great  earthquake  of  1834,  in  Chili,  which 
ended  in  the  outbreaks  of  Osomo  and  three  other  volcanos  in  the  Andes ; 
and  lastly,  in  1868,  the  terrible  earthquake  which  visited  the  coast  of 
Peru,  and  totally  destroyed  the  cities  of  Arica  and  Icquique,  was  fol- 
lowed by  the  eruption  of  Isluga,  which,  according  to  the  latest  news, 
still  continues. 

There  seems  little  reason  to  doubt  that  all  earthquakes  are  of  purely 
volcanic  origin,  and  that  volcanos  themselves  may  be  regarded  as 
so  many  safety-valves  for  blowing  off  the  surplus  steam,  gases  and 
molten  products  from  our  great  internal  boiler;  for  as  a  rule  it  has 
been  observed  that  earthquakes  either  cease  altogether  or  diminish 
greatly  in  violence  as  soon  as  a  neighbouring  volcano  has  cleared 
its  throat. 

Although  I  have  resided  several  years  in  what  are  called  earth- 
quake countries,  and  have  experienced  numerous  and  severe  shocks, 
amongst  others  those  which  resulted  in  the  total  destruction  of  the 
cities  of  Copiapo  and  Mendoza,  on  which  latter  occasion  some  20,000 
inhabitants  perished  in  the  ruins,  it  seems  to  me  quite  impossible  to 
convey  in  words  anything  like  a  true  picture  of  such  a  dreadful 
catastrophe.  The  feeble  shocks  oocasionsuly  felt  in  England  cannot 
give  even  the  remotest  idea  of  what  a  severe  earthquake  is  in  reality; 
for  not  only  are  cities  destroyed  and  whole  villages  swallowed  up 
in  an  instant,  as  in  the  case  of  Argure  during  the  eruption  of  Mount 
Ararat  in  1840,  but  when  situated  on  the  coast,  even  when  they  have 
withstood  the  shock  itself,  they  may  be  entirely  swept  away  by  the 
great  sea  wave  which  follows  close  upon  it,  as  happened  witii  the 
cities  of  Arica  and  Icquique,  in  Peru,  little  more  than  a  year  ago. 

Equally  terrible  is  the  destruction  caused  by  the  showers  of  ashes 
and  torrents  of  molten  rock,,  as  in  the  well-known  instances  of  Pom- 
peii, Herculaneum,  and  others  too  numerous  to  mention ;  but  as  time 
presses,  I  will,  in  conclusion,  only  add  some  remarks  upon  the  in- 
fluences which  such  volcanic  or  cataclysmic  forces  exert  upon  the 
external  configuration  of  our  globe  and  the  features  of  its  scenery. 
In  a  lecture  published  some  years  ago,  when  referring  to  the  prime 
causes  which  determined  the  external  configuration  of  the  land  in  the 
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terlieBl  Ages, — ^taking  for  granted  the  generally  leoeived  opinum^wt 
the  earth  was  originallya  sphere  of  molten  matter,  the  exterior  of  which 
oooled  and  solidified  to  form  a  oruBt  over  the  still  liquid  matter  in 
its  interior, — after  stating  that  the  contraction  of  this  cnut,  when 
cooling,  would  cause  cracks  or  fissnree  in  it,  through  whidi  aome  of 
the  stall  molten  matter  helow  would  be  forced  up,  or,  in  other  words, 
form  the  first  lava  streams  or  volcanic  ontbreaks,  I  remarked  :  '*TIm 
sides  of  these  cracks  or  fissures  wonld  also  be  frequently  move  or 
less  dislocated,  and  so  fonn  lines  of  faults,  interrupting  the  previoiiBly 
regular  contours  of  the  surfiftce,  and  forming  the  first  elevatiaiia  or 
mountains  on  the  globe,  which,  by  giving  direction  to  the  action  of 
the  water  in  the  ocean  and  riven,  would  in  great  measure  determine 
the  main  features  of  the  physical  geography  of  this  epoch,'* — adding, 
that  such  primeval  causes,  by  regulating  the  demarcation  and  depo- 
sition of  sedimentaiy  matter,  must  directly  or  indirectly  continoe  to 
infiuence  the  main  features  of  external  surface  configuration,  even 
down  to  the  present  day. 

There  are  also  good  proofs  that  the  great  lines  of  dismptioQ  or 
weakness  seen  in  the  earth's  crust  at  present,  have,  at  least  in  many 
instances,  also  been  lines  of  weakness  in  other  and  probably  in  even 
the  veiy  oldest  geological  epochs.  No  better  example  of  this  oan  be 
seen  than  in  that  greatest  of  all  mountain  ranges,  the  Andes,  where, 
commencing  from  the  oldest  period  of  their  elevation,  we  fiLnd  a 
series  of  eruptive  rocks  breakmg,  one  after  the  other,  through  the 
sedimentary  strata  which  form  their  flanks,  as  follows : — first,  the 
auriferous  granites,  probably  at  tiie  end  of  the  Devonian  period; 
second,  the  characteristic  porphyrites  of  the  Oolitic  age ;  third,  the 
auriferous  diorites,  disturbing  the  Cretaceous  formation;  then,  fourth, 
the  Miocene  basalts ;  and,  fifth  or  lastly,  the  lavas  from  the  present 
volcanic  fissures  which  ^occur  at  intervals  along  the  whole  range, 
from  Tierra  del  Fuego  in  the  south,  all  through  the  (Jordilleras  of 
South  and  Central  America,  up  to  the  Bocky  Mountains. 

If  now,  when  studying  the  relative  energy  displayed  by  volcanic 
forces  in  the  older  geological  periods,  we  bear  in  mind  that  we  still 
have  volcanos  whose  cratere,  several  miles  in  diameter,  send  forth  at 
times  streams  of  molten  stone  40  miles  and  more  in  length,  or 
showers  of  ashes  which  bury  the  suriiEtce  of  the  ground  to  a  depili  of 
400  feet  below  them,  and,  furthermore,  see  volcanic  mountains  and 
islands  literally  rising  up  before  our  eyes  to  an  elevation  of  even 
thousands  of  feet,  in  what,  geologically  speaking,  is  but  a  second  ci 
time,  it  does  not  to  me  seem  at  all  necessary  to  assume  that  such 
internal  or  cataclysmic  forces  were  so  much  more  energetic  in  any 
other  period  than  at  present 

In  Uie  infancy  of  the  science,  the  cradle  of  geok)gy  was  in  the 
last  century  rent  asunder,  figuratively  speaking,  by  the  schools  of 
Neptune  and  Pluto,  insisting  each,  in  its  turn,  on  the  all-powerftd 
action  of  water  or  fire  in  the  formation  and  subsequent  changes 
which  have  taken  place  in  the  earth ;  and  it  is  to  be  feared  that  even 
now  much  of  this  old  leaven  remains,  for  there  seems  to  be,  as  it 
were,  an  innate  tendency  in  geologists  to  attach  themselves  to  some 
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WA  6r  oilier  fayonrite   dootaine,   nniformitarian   or   oatftolysmio^ 
wluoheyer  may  for  the  moment  be  most  in  vogue. 

British  geologists  of  late  years,  all  but  ignoring  the  action  of 
internal  foroesy  have  striyen  to  aoooimt  for  everything  in  the  shape 
of  external  configuration  or  scenery  by  the  action  of  water  in  its 
different  forms  of  rain,  rivers,  the  sea,  or  ice;  and,  instead  of 
taking  a  broader  view  of  the  geological  features  of  the  land  as  a 
whole,  may  be  reasonably  accused  of  allowing  themselves  to  be  to 
too  much  influenced  in  their  deductions  by  purely  local  ciroum- 
■tanoes  at  home. 

The  most  prominent  features  in  the  scenery  of  a  country  must  be 
its  mountains,  and  it  is  well  known,  not  only  that  many  even  of  the 
most  lofty  mountains  in  the  world  are  actually  voloanos,  but  also 
that  the  greater  number  of  the  others,  even  in  the  British  Isles,  are 
in  major  part  built  up  of  or  founded  on  eruptive  rocks,  the  product 
of  the  volcanic  and  cataclysmic  activity  of  former  periods ;  whilst 
tiie  oountless  faults  and  dislocations  of  the  strata,  and  the  upheaval 
of  vast  tracts  of  country  everywhere  seen,  testify  to  the  magnitude 
of  the  results  e£koted  by  those  forces  which  operate  from  within  the 
aarth  itself. 

In  answering  the  question,  therefore,  as  to  which  of  these  forces 
has  played  the  most  prominent  part  in  determining  the  external 
configuration  of  the  earth,  the  unbiassed  geologist  must  necessarily 
grant  the  first  rank  to  the  internal  volcanic  or  oatalysmio  agencies, 
aince  had  it  not  been  for  their  operations,  our  globe  would  still  have 
remained  a  oomparatively  smooth  sphere,  surrounded  by  its  ex- 
ternal envelope  of  water,  with  no  visible  land  for  the  rivers  to 
traverse  or  the  rain  and  ice  to  disintegrate  and  wear  away ;  in  fact,  it 
was  only  after  the  internal  agencies  had  produced  their  effecte  that 
the  external  forces  were  called  into  play,  a^d  then  became  the  great 
agente  in  modifying  the  outlines  of  our  earth  to  their  fullest  extent 
When  all  the  facte  are  token  into  due  consideration,  it  must  therefore 
assuredly  be  admitted  that  the  wonderful  changes  which  now  take  place 
and  have  been  effected  in  the  physical  geography  of  the  world,  have 
resulted  from  a  combination  of  two  great  but  most  opposite  agencies, 
the  internal  and  external,  igneous  and  aqueous,  cataclysmic  and 
nniformitarian,  or  by  whatever  other  names  diey  may  respectively  be 
called ;  and  in  considering  this  subject  the  student  should  always  be 
prepared  to  admit  what  I  have  elsewhere  insisted  upon,  that  **  all 
the  phenomena  of  nature  may  be  effected  by  a  combination  of  more 
forces,  and  that  the  same  identical  phenomena  may  at  times  be  the 
result  of  agencies  totally  different  from  those  which  at  other  times 
may  have  given  rise  to  them." 

The  study  of  volcanic  phenomena  presente  a  wide  and  interesting 
field  for  exploration,  for  as  yet  our  knowledge  of  the  subject  is 
lamentably  defective ;  to  follow  it  up,  however,  the  student  should 
work  out  a  path  for  himself,  teking  advantage  of  every  new  means 
of  research  placed  in  his  hands  by  the  advance  made  by  the  collateral 
sciences,  and  steering  clear  of  all  schools  or  preconceived  notions. 
Schools  in  science  are  what  parties  are  in  politics ;  the  "  follow-my- 
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leader"  style  will  not  do  in  this  age,  for  it  does  not  permit  of  that 
perfect  independence  of  thought  absolutely  requisite  to  insure  suooess 
in  the  pursuit  of  science. 

The  study  of  science  is  the  search  after  truth,  but  in  this  study  the 
persevering  and  conscientious  worker,  although  sure  to  attain  good 
results  in  the  end,  must  always  bear  in  mind  that  his  results,  even 
when  proved  to  be  truths,  are  still  only  fragments  of  the  whole  truth, 
and  that  he  therefore  should  guard  himself  against  over-rating  their 
value,  i.e.,  the  extent  of  their  application;  since  this  can  only  be 
correctly  estimated  when  these  fragments  have  been  found  to  fit 
accuratdy  into  their  true  place  in  the  grand  plan  of  Nature. 


V. — ^Thb  Qranite-dbipt  of  Fubniss. 

By  Mias  £.  Hodobok. 

(PLATE  XV.) 

THE  dispersion  of  debris  from  the  rocks  of  the  Lake  district 
towards  the  midland  counties,  is  an  old  and  well  established 
fact  Between  1820  and  1850,  we  find  it  occupying  the  attention  of 
such  authors  as  Sedgwick,  Phillips,  Murchison,  Agassiz,  Buckland, 
Binney,  Hopkins,  and  Mantell ;  and  the  present  day  observer  may 
well  be  cautious  in  attempting  to  improve  upon  their  initiatoiy 
labours.  Special  attention  appears  to  have  been  directed  to  eastern 
and  south-eastern  lines  of  transport  The  Shap  granite  was  followed 
to  every  outpost ;  and  the  Cumberland  erratics  m  the  South  Lanca- 
shire and  Cheshire  plains — and  remoter  valleys  and  uplands — 
received  recognition  in  exhaustive  memoirs. 

The  following  notices  are  what  immediately  refer  to  North  Lanca- 
shire, and  the  home-tracts  of  west,  north-west  and  north  Cumber- 
land. 

Professor  Sedgwick  remarks  that, — "  the  plain  bordering  the  hiUy 
region  on  the  north  presents  boulders  and  pebbles  that  have  been 
transported  across  the  Sol  way  from  Dumfriesshire : — in  the  trans- 
poiied  rubbish  capping  a  hill  near  Hayton  Castle,  four  miles  north- 
east of  Maryport,  there  are  large  granite  boulders  resembling  the 
rocks  of  the  Crififel : — from  St  l^s  Head  to  the  southern  extremity 
of  Cumberland,  the  coast  region  is  covered  by  transported  detritus 
of  granite,  porphyry,  and  greenstone,  some  of  large  size : — in  Low 
Fumess,  similar  phenomena  are  observable : — large  blocks  derived 
from  the  green-slate  district  are  found  on  the  granite  hills  between 
Beetle  and  Eskdale : — the  syenite  blocks  of  Carrock  Fell  can  be 
traced  through  the  valleys,  and  over  the  hills  of  the  mid  region,  to 
the  very  foot  of  the  parent  rock."* 

Dr.  Buckland  records  ''a  remarkable  assemblage  of  boulders  of 
Criffel  granite  at  Shawkbeck,  between  Carlisle  and  Cockermouth," 
and  which  he  conceives  may  have  been  transported  across  the  Solway 
Firth  on  floating  masses  of  ice.' 

>  De  la  Becbe'B  Oeolorical  Manual,  1838.    Extract  firom  Professor  Sedgwick*f 
Paper  in  Ann.  Phil.,  1825. 
*  Proo.  GeoL  Soc    London,  1840. 
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Dr.  lianiell  says  that  "boulders  of  the  granites,  porphyries, 
syenites,  and  slaty  series  of  the  Cumberland  mountains,  are  dis- 
persed northwards  towards  Carlisle."^ 

Although  long  aooustomed  to  see  pebbles  and  boulders  of  granite 
among  the  beaoh  gravels  of  Fumess,  it  was  with  surprise  that  in  the 
summer  of  1865  I  found  tiiem  scattered  in  some  profusion  on  the 
hi^  fields  of  Hawooat,  a  small  hamlet  celebrated  for  its  quarries  in 
Upper  Permian  Sandstone.  As  this  place  is  situated  only  about  one 
mile  from  the  sea,  which,  setting  in  from  the  north,  divides  the  Isle 
of  Walney  from  the  main  land,  it  was  easy  to  arrive  at  the  oondu- 
sion  that  this  must  be  a  marine  drift :  and  three  interesting  ques- 
tions presented  themselves  —  namely,  what  was  its  northern  and 
eastern  extension  on  Fumess?  what  its  greatest  altitude?  and 
whence  the  derivation  of  the  pebbles  ? — to  solve  which  I  saw  would 
be  an  arduous  work  of  time,  but  not  unachieveable  in  a  country 
having  no  granite  outbursts  of  its  own.  The  result  of  my  investiga- 
tions, at  once  undertaken,  was  briefly  given  in  the  iVVM  Lonsdale 
Magmine,  December,  1866.  In  that  paper  I  showed,  that  being 
totally  absent  from  the  long  line  of  hills  and  moors  north  and  north- 
west of  Ulverston :  nowhere  oocuiring  about  the  Lakes  of  Goniston 
and  Windermere,  or  in  the  valleys  proceeding  therefrom  :  absent  also 
from  the  country  at  the  head  of  the  Duddon  estuary :  their  extension 
was  thus  probably  reduced  to  the  line  indicated  by  the  north  and 
south  narrow  vale  stretching  between  Gk)ldmire  and  Fumess  Abbey  ; 
further,  that  crossing  what  is  now  the  Duddon  estuary  from  the 
Haverigg  shore  in  Cumberland,  they  had  ascended  the  Fumess 
ground  at  the  opposite  point  of  Scale  Haws  or  a  little  to  the  north 
of  it,  and  so  hsid  been  thrown  over  the  lands  where  first  I  noticed 
them.  At  Hampsido  it  was  shown  that  they  entered  into  the  deposits 
at  the  south  clifif;  thence  they  were  followed  as  a  shore  drift  towards 
the  north  arm  of  Morecambe,  where  they  were  found  to  thin  out 
entirely.  In  like  manner  I  believed  them  to  have  been  swept  up 
the  Duddon  to  Foxfield ;  past  Ireleth,  Dunnerholme,  Marsh-grange, 
Soutergate,  Eirkby,  Beckside,  and  Angerton,  a  reach  of  six  or  seven 
miles :  but  there  I  was  in  error.  The  material  for  the  construction 
of  the  railroad  that  runs  up  the  estuary  close  to  high-water  mark, 
was  chiefly  brought  from  the  gravels  near  Fumess  Abbey.  Higher 
than  Dunnerholme,  therefore,  the  cursory  observer  is  deceived  by 
this  bank,  which  in  more  or  less  quantity  has  supplied  the  granite 
to  the  marsh.  The  mistake  was  very  kindly  pointed  out  to  me  by 
friends  at  Soutergate.  As  to  the  identification  of  the  specimens 
with  their  parent  rocks,  I  can  only  say  that,  having  long  possessed 
a  fair  collection  from  the  Lake  district,  in  which  are  granites  of 
Eskdale,  Eirkfell,  Wast-water  east  screes,  Skiddaw  Forest,  bed  of 
Oaldew,  Syning-gill,  Brandy-gill,  and  Shap,  I  conceived  there  might 
not  be  an  insurmountable  difficulty  in  the  attempt;  and  although  the 
list  then  given  by  me,  on  the  authority  of  ^e  late  Mr.  Joseph 
Graham,  of  Keswick,  may  have  tended,  by  including  a  few  syenite 
localities,  to  throw  doubt  on  the  authenticity  of  the  true  granites, 

>  Wooden  of  Goobgy,  1848,  toL  i.,  p.  212. 
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yet  the  greater  error  perhaps  would  be  to  say  that  (witb  the  ex- 
ception of  the  last-named)  the  abore  are  not  present  in  onr  drift 
I  refer  to  this  part  of  my  former  paper  with  hesitation,  beooose  of 
the  opinion  given  to  me  by  Professor  Sedgwick ;  namely,  that  in  the 
region  where  I  have  observed  them,  they  are  derived  rather  from 
the  granite  that  ranges  within  the  coast-line  from  Bootte  to  the  foot 
of  Wastwater.  It  is  worthy  of  remark,  however,  that  he  assigns  a 
further  reach  for  the  syenites,  which  he  says  **  have  oome  chiefly 
from  the  Bnttermere  and  Ennerdale  hills." 

In  the  hope  that  the  facts  I  have  to  record  will  b»  aa  acceptable 
to  Professor  Sedgwick  as  they  are  convincing  to  myself  that  ihe 
granite-drift  of  Fumess  is  derived  not  only  from  the  above-named 
nearest  granite  locality,  but  also  from  more  distant  points  of  Cum- 
berland, I  will  take  up  the  subject  where  I  left  it  in  1866,  and 
first  describe  the  erratic  clays  of  Hawcoat.  In  my  fonner  paper  I 
was  unable  to  say  whether  the  granite  blocks  actually  entered  into 
these  clays.  That  fieu^  I  have  now  ascertained.  Indeed,  judging 
from  the  quantity  of  granite  found  around  the  islands,  Uiere  is 
little  doubt  but  that  the  same  deposit  forms  their  upper  stratum. 

No  very  good  section  presents  itself  on  the  Hawooat  shore. 
Throughout  &e  entire  range  of  olifif,  which,  from  the  Hindpool  steel 
works  on  the  south  to  Scale  Haws  on  the  north,  may  be  about  four 
miles,  the  face  is  either  wholly  obscured  by  a  vegetation  of  gorse, 
bramble,  and  sea-grass,  or  else  dothed  with  it  half-way  down; 
while  the  lower  portion  is  generally  hid  by  that  washed  fix>m  above. 
There  is  no  undermining,  the  waste  from  the  top  protects  the  base. 
In  a  few  places,  however,  the  land  drainage  has  e£fected  wide 
breaches  which  admit  the  spring  tides,  and  here  alone  can  traces  of 
bedding  be  seen. 

Sedaon  near  Lodge  Green. 

a.    Surface^  sandy  Boil— one  foot. 

h,    Beddbh-brown  sandy  clay,  with  few  pebbles,  sand  rather  fine,  clay  not  eaiflj 

crushed  between  the  fingers  when  dry — 3  ^t. 
«.    Very  dark  and  also  light  ashy  grey  mixed  day  with  numerous  small  rounded 

pebbles  including  granite  :—partly  imbeddeo,  but  in  places  firee  from  day: 

this  is  harder  than  the  abore — 6  inches. 
d.    Eeddish-brown  tenacious  clay,  almost  free  from  pebbles  \  this  is  coated,  as  indeed 

is  much  of  the  day  in  other  parts  of  Uie  cUff,  with  a  glossy  bluish  film^ 

8  feet  6  inches. 
t.    Beach  graTels  forming  the  base  of  Cliff-section. 

The  height  of  the  long  escarpment  may  be  from  8  to  30  feet,  the 
thickness  of  deposits  is  somewhat  less.  The  days  vary  a  little  in 
colour  (perhaps  only  as  they  are  more  or  less  damp),  but  the  above 
description  would  apply  pretty  nearly  to  the  whole,  except  that  in 
the  material  washed  down  upon  the  lower  face  there  is  less 
plasticity  ;  specimens  do  not  indurate  so  much  by  drying,  and  have 
an  uneven  or  breccia-like  fracture. 

The  brick-pits  inland  afford  somewhat  more  satisfactory  informa- 
tion, especially  that  of  Mr.  Qradwell,  situated  within  a  mile  from 
the  clifif,  between  50  and  75  feet  elevation.  Here  the  clays  are  40 
feet  in  depth,  and  rest  upon  a  gravel  bed  which  has  been  pierced  in 
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two  places  for  water.  Stratifioation  is  bat  faintly  shown;  bat  a 
Hmd  and  giavel  layer  aboat  one  foot  thick  had  been  worked  throagh 
at  7  foot  from  the  surface,  having  an  incline  of  8  or  4  inches  in  a 
yard  towards  the  west.  Unfortunately  this  bed  was  in  water  at  the 
time  of  my  visit.  In  the  brick-pits  still  nearer  to  the  cliff,  the 
aaoartained  depth  of  day  is  not  so  great,  being  only  from  18  to  20 
foot ;  while  at  Mr.  Myerscough's,  which  is  more  round  to  the  east, 
and  about  the  same  elevation,  17  feet  is  the  thickness  given. 

The  worinble  deposits  in  these  pits  are  identical  with  d,  in  the 
section  near  Lodge  Qreen.  The  colour,  from  being  newly  exposed, 
may  be  of  a  richer  brown,  and  thus  may  contrast  more  beautifully 
with  the  variegated  blue  film.  The  latter  is  sometimes  found 
lining  very  small  cavities,  when  it  assumes  a  sort  of  striated  crystal- 
lisation, similar  to  what  may  sometimes  be  seen  coating  inferior 
Uast-ore,  or  rather  iron-impregnated  carboniferous  limestone.  Mr. 
J.  Cameron,  F.O.S.,  obligingly  describes  this  blue  film  as  follows : — 
"A  calcareous  day,  containing  silica,  alumina,  peroxide  of  iron, 
protoxide  of  iron,  carbonate  of  lime,  and  a  trace  of  magnesia." 

In  the  last-named  excavation,  a  much  lighter  brown  and  more 
silt-like  bed  reposes  on  the  older,  at  an  incline  of  2  inches  in  a  yard 
to  the  north-east. 

Saonox  at  Me.  Mtbbioovok'b  Pit. 


a.  Light  brown  sill. 


b,  Bich  brown  day. 


This,  though  a  fine  clay,  is  more  sandy,  less  tenacious,  and  mace- 
rates readily  in  water ;  moreover,  I  believe  it  oontains  a  very  few 
firustules  of  DiatomacesB,  but  they  are  too  scarce  and  fragmentary  to 
admit  of  easy  determination.  Upon  these  grounds  it  seems  probable 
that  a.  is  only  the  muddy  subsoil  of  the  salt-marsh  that  has  here 
found  its  highest  lovel.^  No  shells  or  other  fossil  remains  have  ever 
been  seen  by  me,  either  inland  or  in  the  cliff  face.  There  is  brisk 
effervescence,  but  this  may  be  caused  by  the  limestone  with  which 
it  is  said  to  be  pretty  largely  intermixed. 

Granite,  the  only  rock  that  could  characterize  this  marine  deposit 
on  Fumess,  is  obtained  from  all  the  clays  in  considerable  quantity, 
and  in  some  variety  red  and  white :  it  varies  also  in  size,  as  well 
as  the  other  stones,  from  the  pretty  large  cobble,  or  even  boulder, 
down  to  little  nests  of  its  disintegrated  minerals.  Striation  is  so 
common  as  to  be  pointed  out  by  the  workmen. 

^  A  good  illufltFatioii  of  the  rate  at  ^ich  in  point  of  time  these  broken  swards  or 
fltlt-marshes  will  form  along  shores,  is  giron  in  the  fact  that  between  Barrow  and 
Bampeide,  at  a  point  now  protected  by  a  railway  embankment,  there  is  an  old  iron 
ore  shipping^  floor,  which  was  used  about  100  years  ago.  Over  part  of  this  floor  soil 
has  b€«n  laid,  and  many  crops  of  potatoes  grown ;  but  in  another  place  it  underlies 

Sbblea,  sand,  soil,  and  good  herbage,  to  the  thickness  of  2  feet  3  or  4  inches.    This 
ows  in  section,  havine  been  cut  down  again  by  tides ;  and  from  the  base  may  be 
dog  out  to  this  day  good  samples  of  Stainton  ore. 


^ 
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Leaving  the  precise  point  of  entranoe  into  North  LaDoaahire, 
and  the  eastern  extension  thereapon,  to  be  described  in  the  sequel, 
I  will  now  pass  to  the  Oumberland  side  of  the  Daddon  eatnaiy.  In 
the  paper  previously  quoted,  I  noticed  the  enormous  quantity  of 
granite  boulders  and  pebbles  lying  on  the  south  Cumberland  coast  at 
Haverigg.  Probably  at  no  point  on  their  line  of  travel  are  thej 
more  abundant,  or  accumulated  in  greater  variety  than  here ;  and  it 
ought  to  be  conceded  that  the  major  part  is  no  doubt  derived  firom 
the  range  given  by  Professor  Sedgwick.  But  although  the  valleys 
of  the  Irt,  Mite,  and  Esk,  have  furmshed  large  supplies  to  the  genfiFsl 
bulk,  exhibiting  many  shades  of  difference,  I  venture  to  questkm 
whether  there  is  ever  an  entire  absence  of  the  red,  pink,  or  fleah- 
colour  in  the  felspars.  The  character  given  by  Mr.  Otley  in  hii 
notice  of  this  rock  is, — "a  variety  of  granite  with  reddish  felspar, 
and  which  from  a  deficiency  of  mica  has  sometimes  been  oailed 
syenite."^  Professor  Gumming  distinguishes  the  Eskdale  granite  as 
**  generally  reddish,  with  a  deficiency  of  mica,  sometimes  earthy  in 
structure."'  Mr.  Binney  recognizes  the  granite  of  Bavenglasa  as  a 
"brownish-grey  granite,  with  a  light  pinkish- white  felspar."*  My 
own  specimen  of  the  granite  of  Eskdale  might  also  be  described  as  a 
brownish-grey  granite,  the  felspar  white  to  pale  flesh-colour,  in 
places  pink ;  some  of  the  ciystals  dull  and  **  earthy ;"  quartz  brown- 
ish-white ;  mica  grey,  and  sparingly  disseminated. 

Working  northward  from  Haverigg,  I  found,  during  last  summer, 
a  few  small  reddish  granite  pebbles,  both  sub-angular  and  rounded, 
in  the  higher  forks  of  the  \^Qlicham  valley,  to  the  north  of  Millom 
Park,  at  135  feet  elevation.  These  granite  pebbles  were  associated 
with  others  of  a  brownish-red  sandstone,  all  of  them,  even  the 
smallest,  displaying  numerous  thin  laminsB.  Now  these  latter  pebbles 
must  belong  to  the  lower  part  of  the  Upper  Permian  Sandstones,  a 
shown  in  section  at  Barrowmouth,  St.  Bees  Head.* 

From  an  inspection  of  nearly  a  himdred  stones  picked  up  on 
the  rocky  coast  at  St.  Bees,  a  different  type  of  granite  is  seen  to 
preponderate  there.  Instead  of  a  brownish-grey,  this  might  be  called 
a  black  and  white  granite  :  for  there  is  an  abundance  of  dark  mica, 
with  white  felspar,  and  white  quartz :  and  it  also  varies  consider- 
ably, according  to  the  proportions  of  these  minerals. 

The  same  thing  is  repeated  on  the  Harrington,  Workington,  and 
Maryport  shores  :  beautiful  white  crystals  of  felspar,  white  to  light- 
brown  quartz,  and  dark,  nearly  black,  mica ;  identical,  as  it  seems  to 
me,  with  the  **  Granite  which  forms  the  base  of  Skiddaw." 

Mr.  W.  Dickinson,  of  Thomcroft,  Workington,  very  kindly  places 
at  my  disposal  the  result  of  some  of  his  observations  over  a  district 
which  he  has  noticed,  with  an  eye  to  its  geology,  for  a  great  manj 

1  Jonathan  Otley's  Descriptiye  Guide  to  the  EngliBh  Lakes,  eighth  edition. 

*  Rey.  Prof.  J.  G.  Cumoung,  Geology  of  Cumberland  and  Westmoreland. 
»  Mr.  Binnc)r,  MS. 

*  See  a  description  by  Mr.  Binney  of  the  St.  Bees  Sandstone,  Mems.  of  the  Lit 
and  Phil.  Soc.,  Manchester,  vol.  ii.,  Srd  series.  **  Further  Obsenrations  on  the  Ctib* 
Perm,  and  Triassic  Strata  of  Cumberland  and  Dumfries.*' 
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yean.  Alluding  to  the  inland  dispersion  of  granite,  he  says,  ''  Far- 
ther down  the  valley  "(Ennerdale)  "  boulders  of  grey  granite  are 
found  distribated  over  a  wide  range,  (but  I  think  not  on  the  elevated 
parts,)  of  Eelton,  Kinniside,  Salter  and  Eskett,  Frizingix>n,  Cleator, 
Hensingham,  and  over  great  part  of  the  townships  abutting  on  the 
sea.  Indeed,  the  distribution  is  very  gqneral  from  the  base  of  the 
mountains  westward  to  the  ooast ;  but  least  on  the  limestone  ridges 
where  raised  above  the  ordinary  level  of  the  oountry.  In  a  western 
direction  from  the  base  of  Skiddaw,  boulders  and  also  irregular 
shaped  fragments  of  granite  are  found  spread  over  a  large  district  to 
the  sea ;  and  the  angular  masses  are  not  so  widely  spread,  but  are 
more  in  a  broad  line  towards  the  neighbourhood  of  Allonby.  Exoept 
where  the  shore  is  of  sand,  the  whole  line  of  the  Oumberland  ooast 
is  strewn  with  granite,  mostly  the  grey,  intermixed  with  a  few  small 
bits  of  a  beautiful  red  kind,  resembling  or  even  more  beautiful  than 
the  Aberdeen  red  granite.  The  heaps  of  broken  stone  on  the  highway 
sides  give  a  good  idea  of  the  hard  produce,  when  the  collections  have 
been  taken  from  the  fields.  In  these  I  have  noticed  the  grey  granite  as 
very  general,  but  I  have  nowhere  found  the  red  inland.  Wherever 
the  plough  has  been  at  work,  or  drains  have  been  cut,  granite  boul- 
ders have  almost  invariably  been  turned  out.'*' 

The  Rev.  T.  EUwood,  Rector  of  Torver,  obliges  me  with  a  short 
descriptive  sketch  of  the  north  shore  of  the  county,  with  which  he 
is  well  acquainted.  "The  coast  from  near  Allonby  to  Silloth,  a 
distance  of  six  or  seven  miles,  consists  beyond  the  soa-lino  of  hills  of 
sand,  many  of  them  of  a  considerable  height  At  the  base  of  these, 
in  some  places  half  a  mile  and  even  more  from  high- water  mark,  are 
laige  beds  of  pebbles.  Layers  of  pebbles  crop  out  also  at  various 
altitudes  in  the  hills  themselves.  Proceeding  to  the  north-east  of 
Silloth,  the  aspect  of  the  coast  changes.  Almost  immediately  after 
leaving  the  town,  we  have  a  level  bed  of  sand,  overgrown  with  bent ; 
and  although  isolated  swells  of  the  former  character  occur  here  and 
there,  yet  to  Skinbumess,  a  further  distance  of  two  miles,  it  is 
chiefly  flat  sand,  in  which,  however,  pebbles  are  to  be  found.  From 
Skinbumess  to  the  Grune  Point,  about  a  mile  and  a  half,  it  becomes 
more  marshy,  though  there  is  still  abundance  of  shingle  on  the 
beach. 

"  The  Grune  has  many  pebbles.  It  forms  the  western  x)oint  of  that 
estuary  by  which  the  rivers  Wampool  and  Waver  join  the  Solway. 
I  never  found  deposits  of  pebbles  in  this  estuary.  The  Solway 
itself,  from  Bowness,  has  extensive  marshes  spreading  along  its 
southern  shores."' 

Through  the  kindness  of  Mr.  Ellwood  and  his  friend,  Mr.  Smith, 
of  Abbey  Town,  near  Silloth,  I  am  favoured  with  a  collection  of 
the  beach  granite.  That  is  not  however  the  preponderating  rock 
debris  there,  as  it  is  further  south.  According  to  Mr.  Smith,  the 
most  abundant  is, — 1st.  A  dark  blue-grey  stone  used  for  paving ; 
2nd.  Granite ;  3rd.  White  flint ;  4th.  Dark  red  or  brown  sandstone ; 

»  Mr.  W.  Dickiinoii,  MS.  «  Rev.  T.  EUwood,  MS. 

VOL.  TU. — NO.  LXXIII.  Tl 
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5tli.  A  few  light  grey,  or  whitish  brown  sandstones.  Of  the  granites, 
the  white  or  Skiddaw  kind  ("  grey"  of  Mr.  Dickinson)  appears  to 

Srevail.  There  is  also  a  very  dark  iron-grey  Tariety,  with  a  good 
eal  of  black  and  grey  mioa,  brown  qoartz,  and  brown  felspar.  A 
third  probably  represents  that  alladed  to  by  Mr.  Dickinson.  Of  this  I 
have  only  one  specimen  :  a  snb-angolar  and  glaciated  one,  2^  inches 
in  its  longest  diameter.  The  fractured  feces  of  the  stone  are  ex- 
tremely beautiful,  bearing  a  resemblance  to  the  Aberdeen  granite, 
but  perhaps  more  equal  in  the  proportions  of  its  minerals ;  the  felspar 
is  flesh-colour  to  brownish  red,  the  quartz  milk-white,  and  the  mica 
grey  to  black.    The  colour  of  the  granite  is  deriyed  from  the  felspar. 

To  geologists  who  distinguish  glacier-moraines  fh)m  sea-amuifled 
deposits,  the  foregoing  two  descriptions  must  tdl  a  plain  tde: 
indeed,  guided  by  those  excellent  aids,  the  contoured  ordnance  maps, 
I  had  cdready  siiggested  ^  to  another  obliging  investigator  (Mr.  J. 
Eccleston,  of  Carlisle),  both  the  elevation  and  line  of  western  sweep, 
upon  which  such  remnants  of  north  Cumberland  glaciers  might  pos- 
sibly be  seen,  and  it  was  gratifying  to  find  those  surmises  apparently 
confirmed  by  the  independent  and  pripr  researches  of  Mr.  Dickinson. 

Mr.  Eccleston  commenced  by  examining  the  channels  of  the 
Caldew  and  the  Petterill,  and  the  ground  to  the  east  of  both ;  but 
as  the  Skiddaw  and  neighbouring  granite  region  must  be  the  main 
source  of  supply,  I  propose  to  make  the  former  river  the  eastern 
limit  of  inquiry,  only  stating  that  there  is  a  good  deal  of  granite  in 
the  line  of  the  Petterill. 

The  Caldew  rises  near  the  summit  of  Skiddaw,  and  after  a 
tortuous  course  northward  of  about  30  miles,  falls  into  the  Eden 
at  Carlisle.  Now  it  can  by  no  means  be  afiirmed  that  this  stream, 
notorious  as  it  is  for  its  furious  floods,  could  carry  a  piece  of 
granite  from  Skiddaw  to  Carlisle ;  and  that  the  same  piece  could 
move  on  down  the  Eden  and  Solway,  and  ultimately  arrive  at 
Morecambe  Bay,  or  the  west  shore  of  the  Isle  of  Walney.  Granite 
is  sometimes  sparingly  found  at  Carlisle,  but  it  is  believed  \o  be  for 
the  most  part  destroyed  before  reaching  that  city.  To  test  the  wear- 
ing force  of  the  water,  experiments  have  been  made  of  anchoring  in 
it  squared  blocks  from  marble  worses,  when  in  two  months  their 
shape  would  be  reduced  to  an  oval,  every  angle  effectually  taken  off. 
Even  higher  up  about  Dalston,  where  granite  is  less  scarce,  it  is 
matter  for  doubt  whether  it  has  travelled  far,  and  not  rather  been 
washed  out  of  the  thick  deposits  at  the  sides.  A  considerable  quan- 
tity of  the  Brandy -gill  granite'  (Carrock)  is  found  at  the  aboTS 
distance  from  the  mo im tains,  which  cannot  be  less  than  18  miles, 
with  a  fall  of  about  1,000  feet.  From  the  nature  of  this  specimen, 
with  its  abundant  flakes  of  mica,  and  its  general  softness,  being  fuUj 
as  easy  to  break  as  loaf  sugar,  it  seems  much  safer  to  assume  that 
an  unusual  number  of  fragments  might  be  detached  at  any  point  on 
the  river  from  some  disengaged  boulder  lately  brought  under  its 
influence. 

»  October  18,  1869. 

s  Identified  ai  luch  by  Mr.  B.  M.  Wright,  Great  HiumII  Street 
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It  18  not»  however,  to  the  present  waters  of  either  sea  or  riyer 
that  I  am  restricted  in  an  attempt  to  prove  remoter  derivation  than 
the  sonth-westem  valleys  for  the  Fomess  erratics.  They  are  in- 
adequate to  the  task ;  for  although  granite  pebbles  in  the  north  of 
Moreoambe  certainly  evidence  a  ''travelling  of  beach/'  yet  18  or 
20  miles  in  a  quiet  estaary  with  very  few  rocksy  can  be  nothing  in 
comparison  with  nearly  100  miles  of  sea  coast,  part  of  it  rock-bound. 
As  in  the  river,  so  upon  the  beadi ;  the  waters  feed  on  the  old  land- 
depositfl,  and  rarely  perhaps  convey  them  so  far  from  their  starting 
place  as  at  first  si^t  might  be  imagined. 

The  Galdew  pebbles  have  every  signifioanoe  when  taken  in  con- 
aection  with  perpetual  snow-fields  and  glaciers,  of  which  they  un- 
<doabtedly  are  some  of  the  relics.  The  Brandy-gill  granite,  for 
instanoe,  that  in  the  present  stream  is  rarely  seen  lower  than 
Balston,  was  picked  up  by  my  sister  in  Moreoambe,  between  Bardsea 
and  Ulverston,  140  miles  from  its  parent  rock.  Mr.  Wright,  of 
Great  Bussell  Street,  labels  this : — "  Granite^  containing  a  great 
quantity  of  felspar,  Brandy-giUf  Carroek  ;"^  and  it  is  worthy  of  note, 
that  it  is  the  very  same  specimen  for  which  Mr.  Joseph  Graham 
gave  that  locality  in  1866.^  The  mica  in  both  this  and  the  Caldew 
pebble,  is  a  beautiful  pearly  white ;  the  preponderance  of  quartz  in 
the  one  and  of  fdspar  in  the  other  appearing  to  constitute  the  main 
difference.  As  Mr.  Wright  is  thoroughly  well  acquainted  with  the 
Carrock  rocks  and  minerals,  and  with  the  Brandy-gill  locality,  no 
reasonable  doubt  can  remain  as  to  the  correct  identification  of  this 
interesting  traveller. 

Among  other  granite  debris  in  the  Caldew,  that  of  Skiddaw  may 
easily  be  recognized,  especially  sheddings  from  the  compact  kind  of 
rock  in  the  river's  bed  near  Mosedale.  Mr.  Otley  notices  it  thus : — 
"A  rock  (^  granite,  composed  of  quartz,  white  felspar,  and  black 
mica,  may  be  seen  denuded  in  the  bed  of  the  river  Caldew,  on  the 
north-east  side  of  Skiddaw."'  In  some  of  the  detritus  sent  me,  the 
colour  is  darker,  with  a  tendency  to  brownness  on  the  faces  of  joints, 
as  if  from  decomposition  or  segregation  of  some  chemical  con- 
stituent. 

Sufficient  may  have  been  adduced  to  show  that  this  granitic  tract 
has  undergone  denudation  in  the  first  place  towards  the  north  ;  and 
then,  the  very  best  evidence  perhaps  of  an  old  divergence  west- 
ward, at  a  point  2654  feet  below  the  greatest  altitudes,  lies  in  tho 
fact'  that  numerous  huge  boulders  of  Carrock  syenite  are  scattered 
about  Rosley,  three  miles  out  of  the  river  course,  and  400  feet  above 
the  present  sea-level.  It  is  possible  that  all  traces  of  actual  glacier 
descent  into  the  Solway  may  now  be  covered  up  on  the  Cumberland 
side ;  but  as  glaciers  in  the  Alps  fall  4000  feet  below  the  line  of 
perpetual  snow,  surely,  even  after  allowing  for  subsequent  atmo- 
spheric waste  and  lowering  of  tho  heights,  the  intervening  vertical 
depth  between  these  heights  and  the  present  sea-line,  is  not  too  great 

1  See  my  paper  in  the  North  Lonsdale  Magazine,  p.  235. 
s  OtleT*t  Omde  to  the  Lakes,  p.  146. 
*  Oa  the  aathoritj  of  Mr.  J.  Eocleeton. 
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to  assign  to  the  English  glader,  if  ever  there  was  one.  I  infer, 
therefore,  with  all  due  deference  to  the  opinion  of  those  who  have 
assisted  me,  and  to  that  of  others,  that  the  boulders  at  Bodey,  and 
the  angular  granite  previously  noticed,  indioato  the  higher  or  more 
southerly  edge  of  a  glacier,  which,  meeting  in  the  plains  of  the  Sol- 
way,  like  descents  from  the  Scottish  slopes,  pressed  out  westward  to 
the  Irish  Sea.^ 

Mr.  Binney,  in  one  of  his  Memoirs  on  the  Penman  Beds  of  the 
north-west  of  England,'  incidentally  alludes  to  the  thick  covering  of 
drift  between  Curthwaito  and  Howrigg  (190  to  300  feet  elevation) : 
and  he  informs  me  that,  with  the  exception  of  the  valley  gravels^  he 
saw  little  sand  or  gravel  capping  the  till ;'  so  most  likely  it  is  true 
moraine  matter  down  to  a  low  level  there,  as  in  Fumeas.  Almost 
the  entire  country,  namely  from  Hesket  Newmarket  towards 
Rosley,  the  neighbourhoods  of  Wigton,  Abbey  Town,  Blenoc^,  and 
Mealsgate,  have  been  traversed  by  Mr.  Eccleston,  and  that  observer 
attests  to  the  prevalence  of  the  Skiddaw  type  of  granite,  which  he 
believes  may  form  in  places  about  85  per  cent,  of  the  other  debris.  He 
mentions  it  as  singular  that  there  is  so  little  limestone,  but  the  trend 
westward  might  obviate  that  In  railway  cuttings  near  Aspatria, 
limestone  boulders  are  plentiful ;  and,  according  to  Mr.  Hodgson,  of 
that  place,  they  are  almost  invariably  covered  with  deep  glacial 
indentations.* 

Now  although  detritus  from  the  granito  of  Criffel,  on  the  opposite 
coast  of  the  Solway,  may  possibly  be  undistinguishable  from  that  of 
Skiddaw ;  and  although  there  is  in  the  latter  an  apparent  resem- 
blance, even  to  some  of  the  Irish  granite ;  yet  the  foregoing  should 
tend  to  prove,  as  far  as  can  be  without  analyses,  that  Cumberland 
has  furnished,  in  the  main,  its  own  granite  drift.  It  may  be  sur- 
mised that  drift  from  more  northern  sources  would  pass  further  west 

With  regard  to  the  granite  of  Syning-gill,  between  Saddleback 
and  Skiddaw,  briefly  noticed  both  by  Mr.  Otley  and  Professor  Sedg- 
wick,* that  rock  has  been  shed  southward  down  the  Glenderaterra 
ravine.'  This  highest  seen  granite  must  occur  in  considerable  mass, 
being  lately  quarried  for  building  stone,  of  which  any  quantity,  it  is 
said,  can  be  got;  and  it  would  seem  also  to  be  accompanied  by  rocks 

»  See  Mr.  Biiiney*8  paper  In  Trans.  Lit.  and  Phil.  Soc.,  Manch.,  vol.  x.,  1S62, 
where  he  ascribes  the  driix^deposits  near  Blackpool  to  the  conjoint  action  of  Comber- 
land  glaciers  and  icebergs,  the  former  **  cxtcnmng  from  the  mountain-sides  tUnm  inU 
the  sea.'*  The  grand  glaciation  on  what  is  now  Morecambe  Bay,  between  Bardwj 
and  Aldingham,  which  I  noticed  in  the  **  Geologist,"  1864,  and  again  more  ftiUy  de- 
scribed in  the  N.  L.  Mag.,  1866,  is  about  3,200  feet  below  our  greatest  altitades. 

»  Trans.  Lit.  and  Phil.  Soc.,  Manchester,  vol.  xiv.,  1867. 

'  Mr.  Binney,  MS. 

*  Messrs.  Eccleston  and  Hodgson,  MSS.  According  to  the  former,  the  fellsides  and 
outside  pastures  are  so  thickly  strewn  with  boulders  that  they  give  immense  tronUe 
to  the  agriculturists,  who  in  general  prefer  burying  them  below  plough-reach  to 
anv  other  mode  of  extirpation. 

*  *•  Letters  "  appended  to  Wordsworth's  Guide  to  the  Lakes. 

*  The  exact  position  of  Syning-gill  was  courteously  pointed  out  to  me  by  Mr.  J. 
Crozier,  of  Biddings,  Tbrelkeld ;  as  was  also  that  of  Brandy-gill,  a  branch  of  Graini- 
giU,  near  Cairook  Fell.    See  Sketch  Map,  reduced  from  the  one-inch  Ordnance  sheet 
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of  a  gneissose  character,  as  in  a  fine  hand-specimen  obtained  from 
the  late  Mr.  Charles  Wright,  of  Keswick,  the  granite  and  "  gneiss  " 
are  shown  in  junction,  and  the  Erpecimen  is  so  labelled  :  with,  how- 
eyer,  the  addition  "  yery  rare."  There  is  distinct  lamination  in  the 
dark-grey  '*  gneiss  "  half  of  the  specimen,  and  the  parallelism  is 
extended,  though  yery  slightly,  into  the  granite.  The  '* gneiss'' 
appears  to  be  identical  with  another  I  have  from  the  same  collector, 
labelled  '*  Oneiss  from  Skiddaw  Crags."  A  third  from  Skiddaw 
Forest  he  names  '*  Hornblende  Gneiss." 

Mr.  Dickinson  informs  me  he  first  saw  the  Glenderaterra  or 
Syning-giU  granite  when  in  company  with  Mr.  Otley  long  years 
ago.  He  considers  that,  though  no  great  quantity  of  its  recent 
detritas  may  be  yirible  in  that  ateep-sided  pass,  there  is  sufficient  in 
the  drift  along  the  base  of  Lonscale  Fell  (see  Sketch  Map)  and  round 
the  south-western  foot  of  Skiddaw,  to  identify  the  apparent  source, 
and  the  character  of  it,  with  the  Glenderaterra  granite.  Along 
Bassenthwaite-side  boulders  occur  resembling  the  above  associated 
metamorphio  rocks;  while  those  of  granite  extend  away  to  the 
north-west  of  the  mountain,  and  thence  mingle  with  the  general 
ooastward  flow. 

Thus,  in  delineating  the  downward  passage  of  this  alpine  debris 
towards  the  lowlands  by  the  preserving  and  motive  power  of  ice,  it 
becomes  obvious  that  no  difficulty  or  obstacle  of  any  kind  stands  in 
the  way  of  an  attempt  to  track  even  the  most  distant  erratics  back 
to  their  source. 

TUe-claya, — '*  A  considerable  area  of  the  western  part  of  the  county 
supplies  patches  of  tile-clays.  They  are  at  Threlkeld,  Keswick, 
Isel,  Bassenthwaite,  Bolton,  Westward,  Parkgate  near  Wigton, 
Seaton,  Mosser  (exhausted),  Cockermouth,  Winscales,  Dean  Moor, 
Arlecdon,  Sandwith,  Bigrigg  (exhausted),  Drigg,  Bootle,  Sylecroft, 
and  Holbom  Hill.  There  are  many  intermediate  clay-fields,  but  too 
shallow  to  be  worked  with  profit.  They  are  very  various  in  colour 
and  tenacity ;  yellow,  blue,  red,  brown,  grey,  etc. ;  unstratified  in 
general ;  some  within  a  few  inches  of  the  surface,  others  feet  or 
yards  below.  Many  differences  in  colour  and  texture  are  found  in 
the  same  pit,  with  consequently  great  variation  in  quality.  Some, 
have  layers  of  sand  in  parts,  few  have  gravel.  Some  are  more  or 
less  intermixed  with  rounded  gravel ;  others  penetrated  to  some  feet 
in  depth  by  decayed  root  fibres.  These  clays  produce  drain-tiles, 
pipes,  and  common  bricks,  and  almost  invariably  bum  to  a  red 
colour,  whilst  the  fire  clays  of  the  Coal-measures  bum  to  shades  of 
yellow.  No  shells  or  other  fossil-remains  are  known  to  occur  in  them. 

"  The  sea  is  making  great  inroads  on  the  Boulder-clay  of  the  Work- 
ington coast.  Within  threescore  years,  nearly  fifty  acres  have  been 
washed  away.  An  under  layer  of  fine  blue  clay  may  be  seen  a 
few  hundred  yards  to  the  south-west  of  the  cliffs  there;  it  con- 
tains the  remains  of  a  submerged  forest.  A  similar  forest  is  visible 
a  little  southward  of  St  Bees  during  low  tides."  * 

>  Mr.  DickinBon,  MS. 
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In  the  old  denudation  then  of  north  and  western  Onmberlmd,  and 
that  of  its  former  westerly  extended  land  aurfaoe,  we  see  the  origin 
of  the  erratic  claja  and  granites  of  Fnrness. 

It  now  only  remains  to  show  their  extreme  noiHieim  point,  and 
their  very  limited  eastern  extension  over  that  distriot.  Their  alti- 
tude I  have  not  found  to  exceed  that  given  in  the  ''  Nortli  Lonsdale 
Magazine,"  namely,  275  feet,'  and  it  is  impossible  to  think  tiiat  laden 
icebergs  drifted  by  easterly  currents,  would  not  have  deposited  their 
freight  on  more  easterly  ground,  had  the  land  been  enbmeiged 
beyond,  or  much  beyond  that  extent.  For  example,  rink  Black 
Combe  well  under  water;  there  would  be  no  hindranoe  to  their 
l)as8age  over  its  northern  shoulder,  over  the  Ireleth  slate  hills,  and 
over  Birkrigg-common,  where  not  a  pebble  of  granite  exists.  On  the 
contrary,  it  might  seem  that  the  mountain  had  given  a  alight  w&9terfy 
deviation  to  the  currents,  as  the  passage  indicated  would  have  been 
straighten 

llie  most  northerly  point  at  which  the  pebbles  take  Lancashire 
ground  (within  the  salt-marsh)  is  close  below  a  farm  called  Greens- 
cow,  three  miles  south  of  Soutergate,  and  less  than  half  a  mile  north 
of  Scale  Haws— my  1866  point  of  ascent.  This  is  in  an  E.S.E.  direc- 
tion from  Hodbarrow  Point,  from  which  Oreenscow  is  now  separated 
by  the  full  breadth  of  the  present  estuary,  2^  miles.  From  this 
place,  where  no  profile  is  exnibited  available  for  a  section,  thev  are 
seen  to  mingle  very  sparingly  in  the  loose  debris  of  the  green  slates, 
where  that  is  shown  in  the  roadside  cutting.  This  road,  a  new  one, 
gradually  rises  and  passes  along  the  face  of  the  Greensoow  Crags,  on 
the  southern  flanks  of  High  Haume.  The  granites  may  be  extracted, 
here  one  and  there  one.  both  red  and  white,  up  to  Low  Haume,'  be- 
tween 250  and  275  feet  elevation.  I  have  examined  the  higher 
ground  bordering  the  road  for  them,  but  without  success.  Tliey  are 
again  seen  in  the  deposits  near  to  Elliscales,  where  they  are  more 
difficult  of  removal.'  At  St  Mary's  Bank,  Dalton,  three  quarters  of 
a  mile  directly  south  of  the  latter  place,  there  is  a  thick  bed  of  (ap- 
parently) river  gravel,  exposed  in  a  stable  yard  near  the  Cemetery. 
Here  there  ai*e  no  granites,  nor  are  there  any  to  be  found  on  the 
lands  still  further  south. 

These  investigations,  renewed  at  intervals  since  1866,  enable  me 

^  It  may  be  a  question  whether  the  true  iceberg  depotit  reaches  more  than 
half  that  height. 

*^  At  Low  Haume,  there  is,  abutting  against  the  limestone  of  Honsethwaite  hill,  a 
curious  mass  of  cemented  angular  limestone  pebbles,  containing  Carboniferous  lime- 
litone  fossils  This  was  first  seen  by  mo  many  years  aeo.  Mr.  Talbot  Arelinc  calls 
it  cemented  screes.  In  hand-specimens  it  resembles  the  breccia  of  St.  Helena,  on  the 
south  of  the  same  hill;  and  also  that  at  Dalton;  both  referred  by  Sir  R.  I. 
Murchison  and  Prof.  Harkness  to  Lower  Permian  strata.  Quart  Joum.  Qeol.  Soc 
Lond.,  Tol.  XX.,  1864.  In  places,  the  Low  Ilaume  crab-rock  coats  the  hill-side  in 
varying  thickness ;  but  to  the  cast  or  north-east,  the  limestone  appears  to  have  been 
quarried  back  at  some  time,  leanng  the  breccia  standing  in  great  natural  buttresses, 
twelve  yards  high. 

*  There  are  no  boulders,  properly  so  called,  along  this  road.  I  obserred  ttpo  cobble 
stones :  one,  near  Greenscow,  on  low  ground,  might  measure  7  or  8  inches  in  diameter; 
the  other,  built  into  a  wall  at  Low  Haume,  woidd  measure  less. 
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to  diflooirer  that  the  granites  haye  taken  a  drcaitonB  sweep  round 
two  small  hills :  Honsethwaite  Hill  and  Haggs  Hill,  their  hase 


on  the  same  level  with  the  Ooldmire  yalley ;  and  that,  regaining  the 
same  Tallej,  their  oourse  is  ruled  by  it  south-westward  to  the  wore. 
HiQS  they  have  nowhere  made  an  eastern  divergence  from  my  former 
line  exceeding  half  a  mOe. 

At  Ireleth,  the  next  viUage  north  of  Qreenscow,  granite  is  not 
uncommon  in  the  roads,  but  I  am  assured  by  the  fisurmers  that  it  is 
thrown  from  carts  conveying  shore  sand,  which  is  largely  used 
throughout  the  country  for  horticultural,  building,  and  other  pur* 
poses.  This  at  once  aoooimts  for  the  presence  and  destroys  the  value 
of  any  uolaUd  stH^iies-pebble  wherever  it  may  be  found. 

In  condnsion,  while  recognizing  these  evidences  of  the  submer* 
geooe  of  West  Fumess,  it  by  no  means  follows  that  the  eastern 
ground  has  been  depressed  to  the  same  extent  It  must  be  borne  in 
mind  that  at  the  period  when  icebergs  floated  past  on  their  way 
south,  Fumess  was  not  a  peninsula ;  her  southern  and  eastern  escarp- 
ments, whether  of  erratic  or  still  older  deposits,  attest  the  fact  In 
short,  that  which  is  seen  in  miniature  at  Lodge  Green,  in  the 
Hawooat  cliffs,  is  simply  repeated  on  a  larger  scale  : — the  land 
drainage  has  cut  wide  breaches,  which  have  admitted  the  sea. 

Again,  at  Ulverston,  the  sea's  influx  up  the  drainage  courses  can 
be  no  evidence  of  general  depression ;  as  while  sea-arranged  gravels, 
with  some  few  marine  shells,  reach  nearly  100  feet  elevation,  yet 
half  a  mile  out  of  these  courses  it  seems  to  be  true  untouched 
moraine  matter  down  to  between  30  and  25  feet,  as  shown  by  some 
late  deep  cuttings. 

On  the  other  hand,  shore-lines  are  sometimes  artificial.  In 
the  memory  of  old  inhabitants,  small  traders  rode  up  oar  serpen- 
tinons  Carter  Pool  fully  half  a  mile  within  the  Ordnance  high-water 
mark.  Small  pieces  of  local  evidence  like  this,  ought  surely  to  be 
taken  into  consideration  in  any  attempt  to  correlate  these  deposits. 

GaTendish  Street,  Ulyenton, 
l0t  March,  1870. 
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Bkcobds  of  the  Gsolooioal  Subvst  of  India. 

Vol.  III.    Part  1.    February,  1870. 

This  Part  of  the  Records  contains  the  Annual  R^ort  of  the  Geo- 
logical  Survey  of  India,  and  of  the  Museum  of  Geology,  Calcutta,  for 
the  year  1869.     By  Dr.  Oldham,  F.R.S.,  Director. 

Besides  the  absence  from  India  of  Mr.  W.  T.  Blanford,  who  for 
ten  months  of  this  period  was  busily  engaged  in  the  preparation  of 
his  Report  on  the  Greology  and  Natural  History  of  Abyssinia,  the 
temporary  losses  of  two  officers  away  on  furlough,  of  one  from  ill- 
ness (sunstroke),  the  Survey  further  suffered,  during  the  year,  the 
loss  by  death,  in  April,  of  Mr.  Charles  Oldham,  Deputy  Superinten- 
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dent  for  Madras.  Notwithstanding  these  drawbacks,  mobh  pTOgrees 
has  been  made  in  the  Sarvey,  and  a  great  deal  of  valuable  geologioil 
information  obtained  from  various  parts  of  the  country. 

Attention  was  early  drawn  to  a  s^ous  earthquake  which  was  felt 
at  Cachar  and  Sylhet,  on  the  10th  of  January,  1869 ;  the  evidence 
connected  with  which  was  examined  into  by  Dr.  Oldham,  and  briefly 
laid  before  the  Asiatic  Society  of  Bengal  A  further  report  of  the 
effects  of  this  earthquake  is  in  progress. 

As  few  accurate  records  exist  of  the  earthquake  shocks  felt  in  the 
country,  Dr.  Oldham  has  been  led  to  prepare  a  catalogue  of  Indian 
earthquakes,  and,  aware  of  the  di£Sculty  attending  the  compilation 
by  a  single  individual,  he  solicits  the  contribution  of  &(^  from 
others  who  have  paid  attention  to  the  subject. 

In  the  Central  Provinces,  Chanda  and  Berar,  explorations  by 
boring  have  taken  place  to  test  the  continuity  of  the  beds  of  coal 
which  the  river  Wurdah  has  exposed  in  one  or  two  places,  and  also 
to  prove  the  nature,  thickness,  and  contents  of  the  ooal-bearing 
formation  generally. 

This  method  is  rendered  the  more  necessary  in  this  district  from 
the  fact  that  the  rocks  are,  except  at  distant  intervals,  concealed  by 
a  thick  covering  of  clays. 

The  presence  of  coal  has  been  satisfactorily  determined,  by  boring, 
at  Telewassa, — 41  ft.  7  in.  of  coal  have  been  determined  here,  in  a 
total  depth  of  138  ft., — and  also  near  the  village  of  Nokora. 

The  results,  so  far  as  the  explorations  have  been  carried,  point  to 
the  general  continuity  of  the  coals  on  a  fixed  horizon  in  the  lower 
sandstones  of  the  Barakar  group. 

Well-sinking  has  been  attempted  at  Umballa — a  large  station 
which  suffered  much  from  insufficiency  in  supply  of  water.  Mr. 
Medlicott,  from  an  acquaintance  with  the  country,  uiged  this  method 
of  obtaining  the  required  article,  and  the  very  first  trial  confirmed 
the  justice  of  his  expectations. 

Comparisons  have  been  instituted  by  Mr.  Medlicott  between  the 
several  series  of  sandstones,  etc.,  associated  with  the  coal  in  Bengal, 
and  those  in  Central  India. 

The  vast  extension  and  great  constancy  in  mineral  character  of  the 
Talchir  rocks  (which  fonn  the  base  of  the  great  ooal-bearing  series) 
has  been  more  fully  established,  and  the  dying-out  of  the  beds  in 
passing  to  the  west  has  received  further  support.  The  entire  group 
of  the  Coal-formation,  which  in  the  east  gives  five  well-marked 
subdivisions  (in  ascending  order,  Talchir,  Barakar,  Ironstone  shales, 
Eanigunj,  and  Panchet),  becomes,  at  a  short  distance  to  the  west, 
only  a  three-fold  series,  comprising  the  Talchir,  Barakar,  and  Panchet 
subdivisions. 

Mr.  Medlicott  has  also  brought  forward  additional  proofs  to  show 
that,  on  the  large  scale,  the  present  limits  of  these  Coal-measuree 
coincide  approximately  with  the  original  limits  of  deposition,  and 
are  not  the  result  of  faulting,  or  even  mainly  of  denudation. 

Dr.  Oldham  re-states  his  opinion  (announced  by  him  at  the 
meeting  of  the  British  Association  in  1867)  that  the  great  drainage 
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basiiui  of  India  were  <m  the  laige  scale  marked  oat.  and  existed  (as 
drainage  basins)  at  the  enormously  distant  period  which  marked  Ihe 
commencement  of  the  deposition  of  this  great  plant-bearing  series. 
In  this  point  of  view,  local  variations  in  the  lithological  type,  and 
local  yariations  in  the  thickness  of  the  groups,  and  even  their  occar- 
renoe,  or  non-occmrenoe,  are  only  necessary  consequences  of  the 
mode  and  limits  of  formation. 

The  work  carried  on  in  Madras,  Bombay,  and  Burmah,  is  briefly 
alluded  to. 

In  regard  to  the  Museum,  it  may  be  mentioned  that  during  the 
year  more  than  20,000  specimens  haye  passed  through  the  hands  of 
the  Curator  and  his  Assistant,  and  haye  been  catalogued  for  reference ; 
but  many  of  these  had  to  be  packed  up  again,  there  being  no  place 
to  keep  them  otherwise. 

An  Index-map  is  appended  to  this  Eeport,  showing  roughly  the 
present  state  of  progress  of  the  Qeological  Survey  of  India. 


Ths  Obntthosaubia  :  an  Elementary  Study  of  the  Bones  of  Ptero- 
dactyles,  made  from  Fossil  Hemains  found  in  the  Cambridge 
Upper  Greensand,  and  arranged  in  the  Woodwardian  Museum 
of  the  University  of  Cambridge.  By  H.  G.  Seklet.  Cambridge : 
Deighton,  Bell,  &  Co.,  1870. 

THIS  volume  is  the  second  of  a  series  of  "  Indexes  and  Memoirs  " 
descriptive  of  the  Palseontological  remains  in  the  Woodwardian 
Museum,  in  course  of  preparation  by  Mr.  Seeley,  and  has  followed 
closely  upon  his  less  pretentious,  but  useful,  '<  Index  "  to  the  same 
collection  published  last  year.^  Although  professing  to  be  only  an 
"elementary  study  of  the  bones  of  Pterodactyles,"  from  a  very 
limited  geographical  area,  and  as  limited  a  geological  era,  yet  the 
author  has  gatiiered  and  put  together  in  a  condensed  form  a  large 
amount  of  information  on  the  subject  of  which  he  treats,  derived 
from  many  sources  and  from  his  own  observations. 

The  work  may  be  divided  into  four  parts :  1st,  the  Introduction ; 
2nd,  the  Osteological  details,  in  which  the  general  diaracter  of  each 
bone  of  this  group  of  animals  is  fully  described,  without  regard  to 
genus  or  species ;  drd,  their  Classification ;  and,  4th,  a  Synopsis  of 
the  Species  in  the  Woodwardian  Museum. 

The  author  enumerates,  in  the  Introduction  to  his  work,  the 
material  which  he  has  had  at  his  disposal ;  it  comprised  a  series  of 
more  than  500  bones  in  one  collection,  and  about  400  in  another, 
and  he  computes  that  they  could  not  have  ''  pertained  to  fewer  than 
150  individuals — a  remarkable  quantity  from  so  small  an  area,  and  a 
striking  proof  of  the  numbers  in  which  this  Order  of  Vertebrates 
abounded  when  this  deposit  was  being  formed.  All  the  bones  from 
the  Cambridge  Greensand  are  more  or  less  broken,  but  their  arti- 

^  See  GaoL.  Mao.,  Vol.  VII.,  p.  84. 
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oulating  surfaoeB  are  in  general  well  preserved  and  easily  defined ; 
the  soft  marl  in  which  they  were  embedded  having  preseryed  them 
from  being  flattened  or  distorted. 

Among  the  earliest  collectors  of  these  interesting  remains  were 
Mr.  James  Carter,  Prof.  G.  D.  Liveing,  Eev.  H.  G.  Day,  Eev,  T.  G. 
Bonney,  and  Prof.  Sedgwick ;  the  last  three  have  deposited  their 
collections  in  the  Museum  of  tiie  Universiiy. 

Tlie  literature  of  the  Cambridge  Pterodaotyles  is  confined  to 
memoirs  by  Prof.  Owen,  published  by  the  PaliBontogiaphical  Sode^ 
in  1851,  1859,  1860 ;  and  by  Mr.  Seeley  in  some  memoirs  com- 
municated to  the  Cambridge  Philosophioed  Society  in  1864^  1868, 
1869 ;  a  paper  read  at  the  British  Association  in  1864,  and  two 
papers  in  the  Annals  of  Natural  History  for  1859  and  1860 ;  and  in 
all  he  clauQS  a  position  for  these  animals  as  a  "  separate  sub-class,*' 
having  greater  affinities  to  birds  than  to  reptiles;  and  this  he 
strongly  maintains,  with  much  logical  reasoning,  from  his  point  of 
view,  throughout  the  present  volume. 

With  respect  to  the  organization  of  the  Pterodaotyles,  Mr.  Seeley 
remarks,  '*  that  nearly  every  writer  on  Pterodaotyles,  who  has  ex- 
pressed any  opinion  at  all,  has  formed  an  estimate  of  his  own  of  their 
organization.  They  have  been  assigned  to  almost  all  possible  posi- 
tions in  the  vertebral  province  by  great  anatomists  who  all  had 
before  them  very  similar  materials ; "  and  he  has  given  us  an  inter- 
esting summary  of  the  diverse  views  held  by  these  various  writers, 
from  which  we  gather  that  Soemmering  regarded  the  Pterodaotyles 
as  a  kind  of  bat,  but  he  had  a  suspicion,  from  certain  characters  of 
the  head  and  feet,  that  it  was  intermediate  between  mammals  and 
birds.  Oken  at  first  thought  that  the  animal  was  mammalian,  but 
afterwards  he  was  inclined  to  consider  it  reptilian.  Wagler  saw 
some  resemblance  in  the  jaws  and  back  part  of  the  skull  to  those  of 
dolphins ;  whilst  Goldfuss,  anticipating  the  evolutionists  of  to-day, 
**  sees  in  Pterodactyle  an  indication  of  the  course  that  nature  took  in 
changing  the  reptilian  organization  to  that  of  birds  and  mammals." 
Wagner  is  convinced  that  the  Pterodaotyles  are  Amphibians  ap- 
proximating to  the  Saurians.  Quenstedt  sees  evidence  that  the 
animal  was  able  to  walk  upright,  even  more  so  than  birds ;  whilst 
Burmeister  entirely  rejects  these  opinions  of  Quenstedt  These  are 
only  a  few  examples  of  the  many  points  of  structure,  affinity,  and 
habits  upon  which  comparative  anatomists  differ  from  each  other, 
showing  how  difficult  it  has  been  to  define  the  position  in  nature  of 
these  curiously-formed  creatures.  The  late  accomplished  anatomist 
and  pal83ontologist,  Herman  von  Meyer,  iwho  has  done  so  much  in 
his  various  memoirs  towards  elucidating  the  anatomy  of  this  in- 
teresting order  of  extinct  animals,  arrives,  after  an  elaborate  com- 
parison of  their  remains  with  those  of  other  classes  of  vertebrates, 
at  the  conclusion  that  they  are  reptiles,  though  admitting  the  fact 
of  their  possessing  many  affinities  with  birds.  Tliis  conclusion  Mr. 
Seeley  combats  with  some  force.  When  Prof.  Huxley  finds  in  the 
skeleton  of  the  huge  Dinosaurs  certain  resemblances  of  structure  to 
birds,  it  is  only  reasonable   to  expect  that  still   greater  resem- 
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blanoes  to  lurds  would  be  found  in  the  Ft&rodacijflia,  which,  like  the 
class  Ap0t,  were  eqnallj  w^  adapted  for  aerial  locomotion.  In  hia 
recently  published  monograph  on  the  Pterodaotyles  of  the  Jmb, 
Prof.  Owen  holds  that  ihej  are  Sanrians.  So  that  the  weight  of 
authority  is  at  present  m  favour  of  retaining  them  in  the  oLsss 
Beptilia.    This  our  author  contends  is  an  error. 

The  Osteological  portion,  where  each  bone  is  separately  and  fully 
described  and  compared  with  its  analogoe  in  mammal,  bird,  and 
reptile,  is  too  technical  to  do  more  than  refer  to^  as  a  valuable  con- 
tribution to  the  anatomv  of  these  creatures. 

Whether  they  were  hot  or  cold-blooded,  is  still  a  moot  questioo. 
The  former  view  Mr.  Seeley  emphatically  maintains,  founding  his 
opinion  chiefly  on  the  form  of  the  brain,  as  evidenced  by  its  case, 
"  which  proves  the  Pterodaotyle  to  have  had  a  brain  undistinguish- 
able  from  that  of  a  bird ;"  wMlst  Prof.  Owen  as  emphatically  main- 
tains, from  other  characters,  that  it  was  cold-blooded. 

In  the  author's  "summing  up,"  various  systems  of  classifioatiou 
of  the  extinct  Beptilia  are  reviewed,  and  considered  as  unsatisfaotory 
by  Mr.  Seeley,  in  the  absence  of  any  knowledge  of  the  brain  in  some 
of  the  orders ;  and  he  thinks  that  the  <'  Beptilia  of  the  Palaeon- 
tologist is  a  vast  and  provisional  group,  ever  acquiring  new  characters, 
to  which  no  diagnosis  can  be  applied." 

,  Bemains  of  twenty-five  species  of  Omithoeheirus  (Seeley)  are  pre- 
served in  the  Museum.  Twenty  of  these  are  new  and  now  first 
described.  Some  attained  a  large  size,  having  had  an  expanse  ot 
wing  of  about  20  feet ;  and  the  smallest  not  less  than  a  fourth  as 
laige.  The  head  of  one  is  15  inches  and  the  neck  9  inches,  respec- 
tively, in  length. 

The  text  is  illustrated  by  twelve  lithographic  plates,  containing 
nearly  200  figures  of  the  bones  described,  but  the  printing  is  too 
black,  and  the  drawing  betrays  the  hand  of  an  amateur  in  need  of  a 
master*s  direction. 

The  book  itself  is  worthy  of  perusal  and  careful  study,  whether 
we  coincide  with  or  dissent  from  the  deductions  of  the  author ;  and 
the  thanks  of  paladontoiogists  are  due  to  Prof.  Sedgwick,  at  whose 
expense  it  has  been  prepared,  the  cost  of  the  printing  only  having 
been  defrayed  out  of  the  funds  of  the  Syndics  of  Ihe  University 
Press. 


Gbologigal  Sooiett  of  London.  —  May  26th,  1870.  —  Joseph 
Prestwich,  Esq.,  F.B.S.,  President,  in  the  chair.  The  following 
communications  were  read  : — 

1.  "Contributions  to  a  Knowledge  of  the  Newer  Tertiaries  of 
Suflfolk  and  their  Fauna."  By  E.  Ray  Lankester,  Esq.,  B.A.  Com- 
municated by  Prof.  Huxley. 

1.  The  Suffolk  Bone-bed  and  the  Norfolk  Shne-hed.-'The  author 
pointed  out  that  the  recognition  of  the  distinction  of  these  two 
deposits  from  the  overlying  shelly  Crags  was  an  un^TVaxL\.  tX^'^V^ 
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the  determination  of  the  histozy  of  these  beds.  He  combated  the 
notion  that  the  Bone-bed  and  Stone-bed  were  identioal  in  their  con- 
tents; and  especially  dwelt  on  the  differences  of  the  mamTnalian 
fauna  found  in  the  two.  The  late  Dr.  Falconer's  views,  hitherto 
prevalent,  consisting  in  regarding  the  fauna  of  the  Saffolk  Bone-bed, 
Norfolk  Stone-bed,  and  Forest-b^  as  all  of  one  and  the  same  lustory 
and  extent,  he  most  strongly  opposed.  ]^inoe&ro$  SehUiermackerit 
Tapimu  priseus,  Stpparian,  JSyana  anti^ua,  and  a  well-defined 
Miocene  Mastodon  (Fauna  1),  had  been  found  in  the  Bone-bed  below 
the  Suffolk  Crag ;  the  first  three  in  some  abundance,  but  never  in 
the  Stone-bed  or  Forest-bed  of  Norfolk.  They  belonged  to  a  different 
fauna  from  that  indicated  by  the  other  mammals  common  to  the 
Bone-bed  and  Stone-bed  (Fauna  2),  viz..  Mastodon  Arvemensis,  JS^um 

S.,  and  certain  forms  of  Cervus  (studied  by  Mr.  Boyd  Dawkins). 
1  the  other  hand,  the  Elephas  meridionalis  (Fauna  3),  occurring  in 
the  Norfolk  Stone-bed  and  in  the  Forest-bed,  had  never  been  found 
in  the  Suffolk  Bone-bed.  Mr.  Lankester  suggested  that  the  associa- 
tion of  the  first  two  of  these  three  groups  of  mammals  in  Suffolk, 
and  of  the  second  two  in  Norfolk,  might  be  explained  by  the  hypo- 
thesis that  they  succeeded  one  another  in  time,  the  first  (late  Miocene) 
being  confined  to  Suffolk,  and  dating  from  before  the  Diestien  period, 
since  he  had  obtained  a  Mastodon  tooth  of  the  M,  iap^oides  form 
inclosed  in  a  Diestien  box-stone ;  the  third  having  existed  in  Norfolk 
at  a  period  subsequent  to  the  Ooralline  Orag,  but  before  the 
Norwich  Crag  was  deposited,  chiefly  represented  in  the  lower  part 
of  the  Forest-bed,  but  also  in  the  Stone-bed,  whilst  the  second  group 
of  mammals  had  existed  in  both  areas  at  an  intermediate  period. 
Mr.  Lankester  maintained  that  this  was  the  explanation  suited  to 
the  facts  as  they  at  present  stand,  and  considered  that  the  question 
was  not  one  to  be  shirked.  All  geological  inferences  from  palaeon- 
tology rest  on  what  is  called  negative  evidence,  and  hypotheses 
must  be  used  in  investigation.  It  was  shown  that  the  London  day 
had  contributed  very  little  indeed  to  the  list  of  mammalian  remains 
found  in  the  Suffolk  Bone-bed.  Six  teeth  of  Coryphodon  and  four 
fragments  of  Jlyracotherium  were  all  that  could  be  found  in  the 
various  collections. 

2.  The  Suffolk  Box-stones. — These  nodules  the  author  had  previously 
described  as  being  the  remains  of  a  deposit  approximately  similar 
to  the  Diestien  or  Black  Crag  of  Antwerp,  which  had  preceded  the 
Coralline  Crag  in  Suffolk.  An  enlarged  list  of  remains  of  Molluscs 
from  these  nodules  was  given,  and  a  large  series  of  specimens  col- 
lected by  the  author  was  presented  to  the  Society's  Museum.  It  was 
from  the  Diestien  beds,  containing  Conus  Bujardinii^  Voluta  auris- 
leporis,  Isocardia  lunulata,  etc.,  that  the  Cetacean  remains  of  the  Suffolk 
Bone-bed  were  derived. 

3.  A  new  Ziphioid  Cetacean  from  the  Bone-bed  of  Suffolk. — The 
rostrum  described  in  detail  was  in  the  collection  of  the  Ipswich 
Museum.  It  indicated  a  Cetacean  of  the  genus  Chane^iphius,  differing 
bom  C.  planirosiris  of  Cuvier  and  C  Cuvieri  (of  Prof.  Owen's  recent 
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Monograph),  in  having  a  solid  projecting  apex  to  the  rostram,  and 
no  trace  of  a  bifid  stractme.  Mr.  Lankester  had  recently  carefnllj 
examined  Cavier*8  original  specimens  in  Paris,  and  suggested  thii 
possibly  ChonmphiuB  planirostrii,  C,  Cuvierij  this  and  two  other 
Antwerp  specimens,  are  but  varieties  of  one  species,  according  to  age 
and  sex.     This  form  was,  however,  noted  as  ChoneBtpMut  Paekarii. 

4.  A  new  Moiiodan  from  the  Suffolk  Bone^hed. — ^A  Mastodon  tooth, 
inclosed  in  Diestien  matrix,  and  indicating  a  form  with  open  and 
clear  valleys,  had  been  obtaiued  by  Mr.  Baker,  of  Woodbridge,  and 
noticed  by  the  author  a  year  ago.  He  had  since,  in  various  ooUeo- 
tions,  detected  eight  other  fragments  of  a  Mastodon,  very  distinct 
from  M.  Arvommmi  and  approaching  M.  tapiroidss.  Possibly  the 
fragments  indicated  more  than  one  such  distinot  species.  The  con- 
dition of  these  specimens  and  other  evidence  tended  to  associate  them 
with  the  Bhinoceros  Sehletermaeheri,  Hipparion^  eto,  forming  a  fauna 
quite  distinct  from  and  older  than  tiiat  which  was  indicated  by 
Mastodon  Arvemensu. 

5.  List  of  Mammalian  Fossils  of  the  Suffolk  Bone-hed,  with  reference  to 
Collections  containing  them,  and  dumber  of  Specimens, — ^The  object  of 
this  list  was  to  furnish  an  idea  of  the  actual  and  relative  abundance 
of  the  various  mammalia,  and  to  afford  those  interested  in  the  matter 
information  as  to  the  much  scattered  materials  in  private  collections. 

Di8cuB8iON.~Mr.  Boyd  Dawkins  had  arriyed  at  a  different  conclusion  firom  the 
author,  though  the  discoyeries  recorded  in  works  on  palaeontology  showed  a  marked 
difference  hetween  the  Suffolk  and  Norfolk  Crag  Faunas,  such  as  was  not  borne  out  by 
an  examination  of  collections.  He  considered  that  the  forms  of  Ruminants  showed 
a  contemporaneity  between  them.  The  supposed  Cenms  dieranoeeros  of  Owen  was, 
in  fact,  another  form  of  deer,  which  was  common  to  the  base  of  both  the  Suffolk  and 
Norfolk  Crags.  The  EUphat  meridionalii  and  Mastodon  Arvemensi$  had  been  found 
side  by  side  in  Norfolk,  at  Epplesheim,  and  in  the  Yal  d'  Amo,  and  were,  therefore, 
probaSly  contemporary.  The  different  litholoncal  character  in  the  two  counties  was 
probably  due  to  the  different  nature  of  the  underlying  beds. 

Sir  Charles  Lyell  was  much  struck  with  the  perfect  identity  between  the  bozstones 
of  Suffolk  and  some  exceptional  Antwerp  beds  which  he  had  seen  at  Berchefti,  and 
considered  that  this  was  sufficient  to  proye  they  belonged  to  the  same  deposit.  He 
thought  that  the  area  between  Belgium  and  England  might  haye  contained  a  large 
number  of  terrestrial  beds,  which  cyentually  left  a  certain  number  of  their  contents 
to  be  mingled  together  in  the  lower  beds  of  the  later  marine  deposits. 

The  Rey.  J.  Gunn  produced  from  the  Red  Crag  at  Waldringneld  a  portion  of  the 
tooth  of  EUphas  meridionalit.  He  insisted  on  the  complex  nature  of  tne  forest-beds, 
which  consisted  of  two  parts :  the  lower,  estuarine,  containing  £.  meridumalis  and 
extinct  forms  of  deer ;  and  the  upper,  terrestrial,  with  remains  of  B.  antiquua  and 
much  altered  forms  of  £,  meridionaiiSf  approaching,  in  some  respects,  E,  primigennu. 

Prof.  Ramsay  pointed  out  the  necessity  of  there  beiiu^  a  great  intermixture  of 
remains  of  yarious  characters  and  ages  in  such  deposits  as  the  Crag.  If,  for  instance, 
Auyergne,  which  had  not  been  submerged  since  Eocene  times,  were  now  depressed 
below  the  sea,  future  geologists  might  find  the  remains  of  Miocene  animals  intermin- 
gled with  those  of  the  present  day. 

Mr.  Ray  Lanketter,  in  reply,  contended  that  the  Miocene  forms  of  Hipparum^ 
Rhinocerot  ScMeUrmaehtri,  the  trilophodont  Mastodon,  and  other  Miocene  unitnA^ 
had  neyer  been  found  in  the  Norfolk  beds ;  while  Ekphaa  merxdumalis  had  not  been 
found  in  those  of  Suffolk.  His  conclusions  were  based  on  long  study  of  collections, 
and  differed  Arom  those  adyanced  in  books,  especially  from  Dr.  Falconer's  yiews.  He 
maintained  that  his  hypothesis  accounted  for  the  facts  mentioned  by  Mr.  Dawkina, 
whilst  Mr.  Dawkins's  hypothesis  did  not  account  for  the  facts  adduced  in  the  paper. 
The  specimen  brought  by  Mr.  Gunn  was  decidedly  not  from  the  S^oVVVys^^^^M^^^is^ 
from  OYorlying  beds. 
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2.  "  Notes  on  an  Ancient  Boulder-day  of  Natal."  By  Dr.  Suther- 
land, Surveyor-General  of  the  Colony.  Communioated  by  Prol 
Eamsay,  F.E.S.,  F.Q.S. 

The  author  desoribed  the  extensiye  occurrence  in  Natal  of  a  forma- 
tion which  he  conaidered  to  present  the  essential  characters  of  Mr. 
Bain*8  **  claystone  porphyry."  It  consisted  of  a  greyish-blue  argil- 
laceous matrix,  containing  fragments  of  Granite,  Gkieiss,  Greenstone, 
Clayslate,  etc.,  often  of  large  size,  exhibited  ripple-markings  in  some 
places,  and  in  others  showed  a  rude  approach  to  wavy  stratification. 
It  rested  generally  upon  old  Silurian  sandstones,  the  upper  surface 
of  which  was  often  deeply  grooved  and  striated.  The  author  re- 
garded this  deposit  as  an  ancient  Boulder-clay,  perhaps  of  Permian  age. 

Discussion. — Dr.  Mann  called  attention  to  some  specimens  which  he  had  hrooght 
in  illustration  of  Dr.  Sutherland's  paper,  which  showed  the  gradual  transition  from  a 
state  closely  resembling  that  of  an  i^eous  rock  into  that  of  a  truly  stratified  deposit 

Mr.  T.  M*E.  Hughes,  while  admitting  a  recurrence  of  elacial  periods,  disputed 
the  evidence  in  the  cases  hitherto  brought  forward.  He  adduced  instances  of  the 
accumulation  of  similar  fragments  in  ancient  and  recent  deposits,  which  could  not 
be  referred  to  glacial  origin ;  and  showed  how  striation  of  the  included  fragments  wai 
frequently  produced  by  moTements  in  the  mass  subsequent  to  consolidation,  pointing 
out  that  the  supposed  glacial  deposits  of  Old  Bed  age  were  formed  under  oooditioni 
similar  to  those  under  which  such  irregular  accumulations  were  formed  at  the  present 
day ;  that  all  the  striated  fragments  occurred  close  to  faults ;  that  the  Permian  in  the 
north  of  England,  where  it  was  deposited  between  high  mountains,  and  might,  thera- 
fore,  he  expected  to  be  supplied  in  part  by  glaciers,  contained  no  fragments  from  the 
higher  ground  of  the  Penmne  range.  He  urged  that  the  Natal  deposit  was  not  like 
a  Doulder  clay,  being  rippled-marked  and  distinctlj  bedded,  and  mat  it  had  been 
subjected  to  pressure  so  great  as  to  have  produced  distinct  cleayage. 

Prof.  Ramsay  combat^  the  views  of  Mr.  Hughes,  and  maintained  that  there  was 
no  necessitv  for  supposing  that  all  the  pre-Carboniferous  rocks  were  above  water  at 
the  time  of  the  deposit  of  the  Permian  beds  of  the  north  of  England.  Still  he  had 
never  maintained  tnat  any  of  these  deposits  were  duo  to  glacial  action,  but  only  more 
southern  beds.  He  pointed  out  that  in  the  Natal  beds  under  discussion,  enormous 
blocks  of  rock  occurred,  which  were  sixty  or  eighty  miles  from  their  original  home,  and 
still  remained  angular ;  and  there  was  a  difficulty  in  accounting  for  the  phenomena  on 
any  other  hypothesis  than  that  suggested.  He  still  maintained  the  probability  of  the 
occurrence  of  glacial  episodes,  not  only  in  Permian  but  in  other  ages,  as  he  had  done 
now  fifteen  years  ago.  A  boulder-clay  might  be  reco^ized,  not  only  by  the  stris  on 
the  stones,  which  were  not  always  present,  out  by  their  shape  and  the  general  charac- 
ter of  the  agglomeration  of  the  beds. 

3.  "On  the  Distribution  of  Wastdale  Crag  Blocks,  or  'Shapfell 
Granite  Boulders,'  in  Westmoreland."  By  Prof.  Robert  Harkness, 
F.R.S.,  F.G.S. 

The  author  described  the  position  of  Wastdale  Crag  and  the  general 
distribution  of  the  blocks  of  granite  derived  from  it,  and  discussed 
the  hypotheses  which  have  been  proposed  to  account  for  this  distri- 
bution, and  especially  to  explain  how  the  blocks  could  have  been 
transported  to  the  eastern  side  of  the  elevated  ground  of  Stainmoor. 
The  author  considered  that  neither  of  the  extant  hypotheses,  account- 
ing for  the  transport  of  these  blocks  by  the  agency  of  a  glacier  or 
of  icebergs,  was  tenable ;  and  he  indicated  what  he  regarded  as  the 
chief  objections  to  each  of  them.  He  suggested  that  their  transport 
had  been  effected  by  the  agency  of  coast-ice,  the  land  being  depressed 
to  the  extent  of  about  1,500  feet,  which  would  leave  the  lil^uBtdale 
Crag  sufficiently  exposed  to  atmospherio  action  to  enable  it  to  furnish 
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the  blooks ;  the  ioefloes  Borving  as  rafts,  would  suffice  to  convey  the 
blooki  to  other  pads  of  the  coast,  whilst  they  would  not  require  any 
great  depth  of  water  to  float  them. 

DuovNioN. — ^If r.  Hittliei  pointed  <mt  •ome  diiBevltiei  in  aeeepting  the  tiieorj  of 
the  tnnipoit  of  then  hbdEi  tnr  meani  of  eoast-ioe^  hot  wae  not  able  to  offer  any 
better  eotntioii  of  the  ^peetion  then  that  raggeeted  by  tiie  author. 


THB  BOULDEB-CLAT  OF  CAITHNESS. 

Sot, — In  the  first  part  of  his  paper  on  this  subjeot-,  Mr.  Croll  says, 
"  The  notion  that  unstratified  Boulder-clay  could  be  formed  by  de- 
posits from  floating  ice  is  not  only  erroneous  but  is  also  positiyedy 
pernicious." 

The  great  chalky  boulder-day  or  uppermost  of  the  glacial  deposits 
of  East  Anglia,  though  of  great  thickness,  is  everywhere  destitute 
of  stratification,  and,  according  to  Mr.  Croll's  dictum,  no  part  of  it 
can  have  been  deposited  from  floating  ice.  This  clay,  however,  rests 
over  laige  districts  upon  a  thick  sand  and  gravel  formation ;  and  it 
may  be  seen  in  coast  sections  some  miles  in  length  thus  to  rest  con- 
tinuously, the  sands  below  it  being  finelv  stratified  and  of  undis- 
puted marine  origin.  The  junction  of  this  unstratified  clay  with 
the  sands  is  there  quite  undisturbed,  presenting  an  even  line  of 
transition;  while  in  other  sections  a  passage-bed,  a  few  feet  in 
thickness,  formed  of  the  sand  and  clay  interstratified,  not  unfre- 
quently  marks  the  junction. 

Now,  had  a  msss  of  ice  pushed  over  this  sandy  sea  bottom,  and  so 
produced  the  unstratified  boulder-day  thus  covering  it,  or  had  that 
clay  itself  been  pushed  over  the  sands,  these  could  not  have  escaped 
being  squeezed  up  and  contorted,  instead  of  having,  as  is  the  case, 
their  stratification  undisturbed  up  to  the  very  line  of  junction. 
Instances,  moreover,  occur  where  this  unstratified  clay  makes  a  dip 
into  the  previous  sandy  sea-bottom ;  and  where  a  cross  section  of 
such  a  dip  can  be  obtained,  the  sands  are  found  undisturbed,  ex- 
cept in  the  space  ploughed,  a  feature  obviously  pointing  to  the 
impact  of  a  floating  body  upon  the  sea-bottom.  In  rare  instcmces, 
threads  of  sand  a  few  inches  thick  occur  in  this  unstratified  clay; 
and  if  there  chance  to  be  two  such  threads  together,  their  horizon- 
tality  to  each  other  is  preserved.  Conversely  to  this,  I  may  add, 
that  a  band  of  this  unstratified  clay,  two  or  three  feet  thick,  but  in 
all  respects  undisting^ishable  from  the  mass  of  the  boulder-clay 
itself,  is  to  be  found  in  some  instances  interbedded  in  the  sands 
and  gravels  to  which  I  have  just  alluded,  the  stratification  of  these, 
both  above  and  bdow  such  band,  being  quite  undisturbed. 

I  dissent  from  so  many  of  Mr.  Croirs  views  that  I  would  not 
have  troubled  you  with  this  letter  upon  only  one  of  them,  but  that  I 
am  unwilling  so  unqualified  and  denundatory  a  statement  should 
remain  longer  without  a  traverse. 

Bbbhtwood,  Eeeu.  SxABLXS  V.  Woon^  J^^. 
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LITHODOMOUS  PERFORATIONS. 

Sib, — The  subject  of  "  Litbodomous  perforationB"  in  limestone 
rocks  above  tbe  present  level  of  the  sea,  has  for  some  time  occupied 
so  large  a  space  in  the  Oeoloqioal  Magazine  as  to  famish  me  with 
an  excuse  for  troubling  you  with  the  following  passage  from  the 
"Natural  History  of  South  Devon,"  by  J.  C.  Bellamy,  Suigeon, 
1839,  pp.  114-5 : — "  The  usual  height  of  the  ancient  beach  in 
Plymoum  Hoe  (now  nearly  destroyed)  is  about  30  feet  above 
present  high-water  mark.  The  rock  on  which  it  rests  is  often 
smoothened,  and  specimens  of  Phoku  daetylus  are  found  in  it ;  and 
the  roundness  of  the  pebbles,  and  the  existence  of  these  shells  in  the 
smoothened  rock,  sufficiently  show  that  the  sea  rested  there  awhile." 
I  will  only  add  that  Mr.  Bellamy  resided  in  the  neighbourhood,  and 
was  one  of  the  curators  of  the  Devon  and  Cornwall  Natural  Histoiy 
Society. — I  am,  etc., 

Torquay,  Jum  18,  1870.  Wm.  Pknokllt. 

FOSSIL  INSECTS. 

Sib,— In  the  March  number  of  the  Oeol.  Mao.  (p.  141),  a  cor- 
respondent refers  to  the  Tertiary  Insect-remains  of  Dorset.  I  am 
thereby  reminded  that  Mr.  W.  R.  Brodie  informed  me  some  yean 
since  that  two  of  the  fossil  insects  described  in  Mr.  Westwood's 
elaborate  memoir  in  the  Quart  Jour.  Oeol.  Soe.  vol.  x.,  pages  378-96, 
were,  by  inadvertence,  wrongly  located,  namely, — Plate  XTV.  Fig.  4, 
Doubtful  elytron,  is  Tertiary,  from  Creech  near  Wareham,  Dorset, 
(not  from  the  Lower  Purbeck).  Plate  XIV.  Fig.  8,  Wing  of  Giant 
Ant  (not  from  the  Lower  Purbeck). 

Royal  Military  Collegb,  Sandhvbst,  T    Bupkbt  Jones 

lOth  June,  1870. 


Diamonds  in  Bohemia. — Dr.  A.  Fritsch  informs  us  that  a  Diamond 
has  been  found  in  Bohemia.  The  locality  is  on  the  southern  part  of 
the  basaltic  mountains,  on  the  fields  near  Dlaschkovic,  between  Pod- 
sedic  and  Chrastan,  on  the  road  from  Zobosic  to  Laun.  Before  its 
examination  this  very  hard  stone  was  believed  to  be  a  Zircon,  but  the 
careful  investigation  of  M.  Schafarik,  Professor  of  Chemistry,  at 
Prague,  has  shown  it  to  be  a  genuine  diamond.  The  weight  is  67 
millimetres,  colour  yellowish,  largeness  4  millimetres  long,  2J  milli- 
metres broad,  density  3*53.  Indications  of  octahedral  planes  are  to 
be  seen.  A  fragment  was  burnt  in  oxygen,  and  entirely  disap- 
peared ;  this  experiment  was  performed  in  the  presence  of  numerous 
reliable  witnesses.  The  specimen  has  been  presented  by  Count 
Ervine  Schmbom  to  the  Museum  of  Prague. 

We  have  received  specimen-plates  of  a  new  work,  now  in  prepar- 
ation by  M.  M.  Fritsch  and  Schloenbach,  "  On  the  Cephalopoda  of 
the  Chalk-formation  of  Bohemia,"  to  contain  about  14  quarto  plates 

It  is  much  to  be  regretted  that  we  cannot  obtain  Artists  or  Litho- 
graphic Printers  able  to  compete,  either  in  price  or  qualityof  work, 
with  those  of  France,  (Germany,  or  Austria. 
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GEOLOGICAL    MAGAZINE. 


Ho.  LZXET.— AirOUST,  1870. 


I— On  thi  Disfibsion  or  SsAPnu.  Bouldkks  axd  Obioin  op 

BotTLDEB-OI^T. 
Bt  D.  HlOKIITTOSR,  P.0.8. 

1  S  the  attention  of  geologists  has  latdy  been  re-direoted  to  the 
X  above  aubjeots  by  Ur.  S.  Y.  Wood  ■  and  Prof.  Harknese,*  I 
entnre  to  hope  that  tbe  following  notes  and  observations,  made 
nring  visits  to  Wasdale  Crag  and  the  neighbouriiood,  on  the  7th 
id  15tb  of  last  June,  will  not  prove  uninteresting  to  tiie  readers  of 
le  Geological  Maoazihk. 


View  ofWisdala  Crag  trom  the  opponts  ride  of 'Wudsle. 
Boulders  of  granite  from  Wasdale  Crag  (or,  as  it  may  more  con- 
eniently  be  called,  Wasdale  Hill — the  Crag  being  its  soothem 
Karpment)  may  be  found  down  the  valley  of  the  Eden  at  a  great 
ietance  from  their  parent  rock ;  but  it  is  not  until  one  arrives  at 
hap  village,  on  hia  journey  southwards,  that  the  boulders  begin  to 
titmde  themselves  on  his  attention.  A  little  beyond  the  Greyhound 
in,  he  will  find  that  at  least  one-fourth  of  the  stonea  which  have 
Ben  gathered  off  the  fields  are  granite,  many  of  the  othsrs  being  a 
ind  of  basaltic  trap  from  the  neighbourhood  of  Wasdale  ."Hill, 
'nrther  on  he  cannot  fail  to  be  struck  with  the  number  of  huge 
ranite  boulders  in  the  roadside  walls,  some  of  them  angular,  but 
lany  of  them  considerably  rounded.  I  have  been  informed  that 
lere  are  few  or  no  granite  boulders  much  further  west  than  Sbap 
bbey ;  and  in  this  nmghbourhocd,  therefore,  the  current  which 

I  Ooart.  Joiirn.  Geol.  Soc.,  Vol.  iiri.  p.  90,  paper  read  Dec  B,  1B89. 
*  I  UBS  not  piesent  at  the  reading  of  Prof.  Jlarkneaj's  paper  oQ  the  26th  of  loat 
lay,  but  from  the  few  lines  of  ahatract  in  the  fortnightly  noticea  of  the  Gcol.  Soc,  it 
"  ....         ..      ,■  .■,        .    ;e  is  eoncerned,  Mb  Tiw» 
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transported  the  bonlders  in  a  northerly  direction  xnnst  have  had  its 
western  boundary. 

About  a  mile  south  of  Shap,  5  or  6  feet  in  thickness  of  grey  or 
greyish-brown  ''  pinel,"  nearly  as  hard  as  rock,  may  bo  seen  lying 
on  Carboniferous  limestone.  It  is  rudely  laminated,  and  contains 
many  stones  and  boulders,  including  a  large  per-centage  of  Wasdale 
HiU  granite.  It  is  covered  with,  a  Uiin  bed  of  red  or  foxy-coloored 
loam  and  loamy  clay,  with  comparatively  few  stones.  This  was  the 
first  though  not  the  moat  convincing  indication  I  saw  of  what  I 
expected,  namely,  that  the  Wasdale  Uill  boulders  are  ''  a  part  and 
parcel "  of  the  pinel  or  mountain  boulder-clay  ^or  it  is  not  to  be 
found  far  away  from  the  mountains)  of  the  Lake  IKstriot  Farther 
on,  I  saw  a  block  of  granite  on  the  roadside,  about  12  feet  in  average 
diameter,  and  Mr.  Hetherington,  of  the  Shap  Granite  Company, 
informed  me  that  he  had  seen  a  block  high  up  on  the  side  of  a 
neighbouring  hill,  which  measured  20  x  15  X  5  feet  He  likewise 
mentioned  that  he  had  seen  a  large  block  horizontally  fractured,  as  if 
it  had  violently  struck  against  another  block  or  the  rocky  bottom  of 
the  sea.    I  afterwards  saw  several  split  blocks. 

Near  the  Polishing  Works,  Shap  &immit,  a  yellowish-brown  pinel, 
so  hard  that  it  might  appropriately  be  called  Post-tertiary  conglo- 
merate, makes  its  appearance  on  the  roadside.  Here  (as  elsewhere) 
it  is  often  covered  with  a  facing  of  the  overlying  loose  loam,  and 
might  easily  escape  the  notice  of  one  not  in  search  of  it,  althou^  it 
constitutes  the  main  part  of  the  drift  of  the  district. 

At  the  Polishing  Works  my  attention  was  directed  to  the  fact,  that 
on  some  of  the  higher  eminences  to  the  north-east  there  are  many 
granite  boulders  on  the  slopes  facing  Wasdale  Hill,  but  none  on 
their  tops.  Should  it  be  found  that  on  none  of  the  eminences  to  tbe 
north  and  north-east  of  Wasdale  Hill  are  there  any  boulders  at  a 
greater  height  than  900  or  1,000  feet  above  the  sea,  it  would  favour 
the  supposition  that  at  the  time  when  the  boulders  were  floated  in 
these  directions  the  land  had  not  been  so  deeply  submerged  as  when 
the  transportation  over  Stainmore  Pass  occurred.  At  the  latter 
period,  the  land  must  have  been  submerged  to  a  greater  depth  than 
1,400  feet,  and  during  an  intermediate  submergence  of  about  1,300 
feet  the  boulders  may  have  found  their  way,  nearly  in  the  direction 
of  the  Shap  and  Kenda  Road,  into  the  valley  of  the  Kent.  The 
courses  of  the  ice-  and  boulder-ladcn  currents  may  have  changed  as 
the  land  became  more  deeply  submerged.  That  the  boulders  did  not 
find  their  way  over  lower  gaps  in  the  Pennine  chain  to  the  south  of 
Stainmore  can,  I  think,  be  easily  explained,  on  the  supposition  that 
currents  embracing  Wasdale  Hill  or  its  neighbourhood,  in  their 
course,  did  not  happen  to  flow  through  these  gaps.  There  are  many 
directions  besides  those  in  which  these  gaps  are  situated,  which 
would  appear  to  have  never  been  traversed  by  currents  laden  with 
Shap  granite  boulders.^ 

On  walking  along  the  tramway-cutting  from  Shap  summit  to  the 

^  According  to  Mr.  Green,  of  the  Geol.  Survey,  there  is  a  Shap  granite  honlder  i> 
the  Tillage  of  Boyston,  near  Bamsley,  and  aooording  to  the  Ber.  J.  Stanley  Tet^ 
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giazdte  qnairy,  great  hoolden  are  found,  not  only  on  the  surface,  bat 
oompletelj  boned  in  the  pinel,  which  is  here  both  grey  and  yellow, 
and  rudely  laminated — the  laminso  being  generally  inclined  or  arched. 
It  often  graduates  into  a  well-rounded  conglomeiatio  gravel.  The 
boulders  here  are  chiefly  whinstone  (local  basaltic  trap)  and  granite. 
The  nearer  one  gets  to  the  quarry,  the  more  one  sees  that  the  dispersion 
of  the  boulders  and  the  accuraulation  of  the  pinel  were  contempo- 
raneous.^  On  the  slopes  of  Wasdale  Hill,  the  pinel  witii  granite 
boulders  runs  up  to  the  bases  of  the  rocky  ledges,  and  fills  up  hollows. 
It  differs  but  little  from  what  one  might  regajnd  as  a  beadi  deposit  on 
a  9t$$p  fhom,  where  the  stones  would  roll  down  or  be  washed  down, 
and  become  imbedded  in  clay  beneath  the  level  of  the  assorting 
action  of  waves.  At  the  same  time,  ground-ice  and  coast-ice  must 
have  had  a  share  in  giving  rise  to  the  peculiar  character  of  this 
remarkable  deposit' 

The  south  side  of  Wasdale  Hill,  down  to  a  level  of  about  1,100 
&et  above  tibe  sea,  is  craggy,  and  the  rocks  are  more  or  less  mouton- 
ned.  On  the  sloping  &ce  of  the  hard  and  compact  rocky  escarp- 
ment there  are  very  few  loose  bouldersy  and  still  fewer  on  the 
sununit.  On  the  eastern  side  of  the  hill  numbers  may  here  and 
there  be  seen,  but,  ezoepting  towards  the  base  of  the  lull,  surface- 
boulders  are  nowhere  very  plentifuL  In  cutting  the  tramway, 
however,  thousands  of  them  were  dug  out  of  the  pineL 

At  the  quarry,  near  the  western  end  of  the  Crag,  blocks  as  large 
as  40  X  30  X  15  feet  are  sometimes  obtained  by  blasting.  The 
granite  is  exceedingly  hard,  and  little  liable  to  be  acted  on  by  the 
weather.  Here  the  pinel  not  only  rises  up  to  the  base  of  the  Crag, 
but  runs  up  the  sloping  rock-surface  until  it  terminates  against  the 
minor  cliffs.  In  some  places  it  adheres  sa  tenaciously  to  the  mou- 
tonned  rock,  that  it  is  removed  with  great  difficulty.  The  finer 
part  of  the  deposit  would  appear  to  have  eome  from  the  S.S.W. 

Olaeiated  Granite, — I  was  fortunate  in  discovering  a  good-sized 
surface  of  granite  which  had  been  lately  cleared  of  pinel,  and  it 
was  nearly  as  exquisitely  polished  as  at  the  Shap  Summit  Works. 
On  throwing  a  bucketful  of  water  on  the  smface,  the  grooves  could 
be  distinctly  seen  running  nearly  in  the  direction  of  E.N.E.,  or 
obliquely  up  the  face  of  the  sloping  Crag.  To  the  west  of  the 
quarry  I  afterwards  found  the  glaciation  running  N.N.E.  As  the 
granite  was  not  much  planed  down,  but  polished  somewhat  con- 
formably to  the  undulating  divisional  planes,  ice  borne  by  a  current 
from  the  direction  of  Wasdale  Head  may  have  glaciated  the  rock 

there  are  some  Shap  granite  boulders  in  the  brown  clay  west  of  Ripen.  Is  it 
certain  that  they  all  came  over  Stainmore  Pass  P 

>  The  number  of  large  granite  boulders  on  the  surface  of  or  rather  slightly  im- 
bedded in  the  pinel  and  overlyine  loam,  may  have  resulted  from  the  continual 
dropping  down  of  boulders  from  tne  floating  ice,  as  the  land  became  more  and  more 
deeply  submerged,  and  after  the  accumulation  of  the  pinel  had,  in  a  great  measure, 
ceasea. 

'  Apart  from  the  evidence  the  pinel  presents  of  the  action  of  ice,  it  somewhat 
resembles  the  brecciated  part  of  the  raised  oeach  of  Weston-suner-Mare,  which  would 
appear  to  hare  been  accumulated  on  a  steep  slope,  as  the  land  was  sinkine,  and  it  is 
not  Tery  Hi— imiiftr  to  portions  of  the  Old  Bad  Conglomerate  at  the  foot  oi  X^^'w^iuvt, 
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uphill  on  grounding.  It  eould  not  haTO  been  oansed  by  the  valley- 
ignoring  agency  which  glaciated  a  great  part  of  the  Lake  District 
from  N.  to  S.,  while  the  pl^sical  geography  of  the  district  forbids 
the  idea  of  a  local  glacier,  from  the  W.S.W.  or  W.S.,  acting  at  a 
sufficient  height  to  smooth  and  score  the  southern  face  of  Wasdale 
Crag  up  to  the  summit,  for  on  the  summit  the  rooks  are  moutcmned. 
A  yalley-glaoier,  moreover,  eould  not  have  carried  granite  boulders 
from  Wasdide  Crag  transversely  over  the  adjacent  valley,  and  left 
them  in  great  numbers  on  the  opposite  or  southern  side.  Much 
less  could  a  valley-glader,  or  any  movement  of  land-ioe,  have  dis- 
persed the  boulders  in  the  many  different  directions  in  which  they 
are  found.  It  is  true  the  glaoiation  of  the  rock-surfaces  and  the 
disteibution  of  the  boulders  may  have  been  separate  events,  but  the 
preponderance  of  evidence  here  seems  to  be  in  favour  of  the  idea 
that  all  the  superficial  phenomena  partially  originated  while  the  land 
was  submerged. 

Mode  in  which  the  Boulders  were  launched, — ^There  would  appear  to 
be  little  difficulty  in  conceiving  how  the  boulders  in  the  neighbour- 
hood, at  comparatively  low  levels,  on  the  N.,  E.,  and  S.E.,  may  have 
been  floated  by  coast-ice ;  for  though  the  cliffs  and  rocky  projections 
of  Wasdale  Hill  are  too  sloping  and  the  granite  too  hard  to  fumi^ 
many  blocks  and  fn^ments  by  the  force  of  gravitation  combined 
with  the  dilapidating  action  of  ft'ost,  all  must  admit  that  the  sea  is 
pre-eminently  a  block-detachii^  agent.^  The  process  of  natural 
quarrying  carried  on  by  the  waves  at  successive  levels,  as  the  land 
subsided  or  rose,  would  have  supplied  an  immense  number  of  blockg, 
and,  at  the  same  time,  rounded  those  of  them  which  present  indica- 
tions of  having  been  subjected  to  attrition.  The  small  number  of 
boulders  remaining  on  the  surface  of  the  hill,  or  not  imbedded  in 
the  pinel  or  overlying  loam,  would  seem  to  show  that  the  trans- 
portation must  nearly  have  kept  pace  with  the  process  of  natural 
quarrying  and  rounding.  The  breaking-up  of  coast-ice,  and  ground- 
ice  converted  into  coast-ice,  would  appear  suffieient  to  explain  the 
laimching  of  the  boulders  from  what  must  have  been  a  steeply- 
sloping  sea-beach,  progressively  advancing  down  and  up  the  sides 
of  the  hill  as  the  land  sunk  or  rose.  But  it  is  probable  there  were 
pauses  in  the  oscillation  of  the  land.  Some  of  these  may  be  repre- 
sented by  the  great  terrace  of  boulder-pinel  and  red  loam  at  the  base 
of  the  hill  in  the  direction  of  Shap  Wells,  and  by  the  terraces  at 
higher  levels  on  the  N.N.E.  side  of  the  hill.  The  myriads  of 
boulders  transported  over  the  1,400-feet  level  of  Stainmore  Pass 
would  seem  to  indicate  another  pause  when  (taking  into  account  the 
depth  of  water  required  to  float  ice)  very  little,  if  any,  of  Wasdale 
Hill  appeared  above  the  sea,  that  is,  supposing  Stainmore  Pass  and 
Wasdale  Hill  to  have  been  afterwards  equally  upheaved. 

Derivation  of  the  Great  Eastern  Dispersion. — How  could  a  few  feet 
of  land,  a  few  hundred  yards  in  diameter,  above  low-water  level 
have  supplied  all  the  Wasdale  Hill  granite  to  be  found  to  the  east  of 

^  See  Mr.  E.  HaH's  able  article  "  On  the  Raised  Beaeh  of  Cantjre,*'  on  block- 
detaching  agency  of  the  sea.— Gbol.  Mao.,  1866,  Vol.  III.  p.  7. 
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the  Pennine  range  of  bills?  The  progressively  upward  action  of 
ground-ice  dining  atorms  may  partly  famish  an  answer  to  this 
qaestion,  bat  I  think  the  main  explanation  must  be  sought  for  in  the 
denuding  action  of  sea-waves  encroaehing  on  the  top  of  the  hill, 
which  at  one  time  may  have  been  higher  than  at  present.  A  pre- 
vioualy-ezisting  ooniad  eminence  may  have  been  truncated  by  the 
sea,  so  as  to  leave  the  ''  plain  of  marine  denudation,"  or  table-land, 
now  forming  the  summit  of  Wasdale  HiU ;  and  it  is  possible^  if  not 
probable,  that  the  hill  may  have  lost  several  hundred  feet  of  its 
height  daring  the  process  of  natural  quarrying  which  supplied  the 
floating  ice  with  all  the  boulders  which  found  their  way  across  Stain* 
more  Pass.  The  preponderance  of  Wasdale  Hill  granite  among  the 
larger  transported  boulders  (at  least  in  many  areas)  may  be  ac- 
counted for  by  the  fsust  that  the  compactness  and  distance  between 
the  joints  or  fractures  of  the  granite  would  cause  it  to  break  up  into 
blocks  much  larger  than  those  resulting  from  the  dilapidation  of  the 
neighbouring  rocks,  many  of  which  indeed,  would  break  up  into 
mere  chips  or  spUnters. 

Concluding  Remarks — ^The  foregoing  facts  and  considerations  kad 
us  to  the  condusion  that  the  cause  which  dispersed  the  boulders  from 
Wasdale  Hill  radiated  from  the  hill  as  from  a  centre.  But  the  in- 
significant summit  of  the  hill  could  not  have  supported  a  nearly 
sufficient  quantity  of  land-ice  to  have  furnished  the  floating  ice 
on  its  breaking-up,  while  land-ice  in  such  a  position  could  not  have 
detadied  the  blocks  from  the  solid  rock.  The  blocks  therefore  must 
have  been  detadied  and  rounded  by  sea- waves  and  sea-ice,  and 
floated  and  transported  by  the  latter.  Winds  may  have  partly  or 
chiefly  propelled  the  ice  which  floated  the  boulders  found  in  the 
neighbourhood  of  Wasdale  Hill,  but  currents  must  chiefly  have 
carried  the  ice  with  the  boulders  which  are  found  at  great  distances. 
Though  the  finer  part  of  the  pinel  and  loam  must  in  a  great  measure 
have  been  derived  from  a  source  difierent  from  that  which  supplied 
the  granite  boulders,  the  accumulation  of  the  pinel  and  loam  and 
imbedding  of  the  boulders  must  have  taken  place  contemporaneously 
while  the  land  was  submerged. 

The  causes  of  the  glaciation  and  mode  of  accumulation  of  the 
Drifts  of  other  parts  of  the  Lake  District  will  form  the  subject  of  a 
future  article. 
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BiCRANOOBAPTUS. 

By  John  Hopkimbon,  F.6.S.,  F.B.M.S. 
(PLATE  XVI.) 

rB  name  Dicranograptue  was  proposed  by  Hall,  in  his  Memoir 
on  the  "Qraptolites  of  the  Quebec  Group"  (p.  112\  for 
certain  forms  of  Graptolites,  some  of  which  were  then  incluaed  in 
the  genus  Didymograpnu,  and  others  in  Diplograpsw.  He,  however, 
only  considered  tiiese  forms  as  constituting  a  sub-generic  group  of 
his  genus  Climacograptus,  believing  them  to  have  a  aimilax  %\x^<cX.\n^. 
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Mr.  Carrathen  then  deaoribed  this  groap  m  %  -distinofe  genvSy 
restricting  it  to  tke  typioal  speoies  2>.  ramonUj  and  ha  allieB ;  and  at 
the  same  time,  from  an  examination  of  BriiiBk  specimenB,  he  die- 
aented  from  Hall's  conoluBion  as  to  its  stmctore,  which  he  considered 
to  he  exactly  similar,  in  its  proximal  portion,  to  Dipkgrmpmu} 

I  have  already  expreBsed  the  opinion  that  ''in  D.  ramotuMf  the 
hydrothecse  appear  to  have  the  same  stmetore  as  in  CUmoM^r^^^Uu^^*^ 
and  I  now  intend  to  show,  that,  eo  far  as  can  be  nidged  fiom  the 
imperfect  state  of  preservation  in  whidi  onr  BritiiA  specimens  aie 
lound,  not  only  this  species,  but  the  entire  geans,  althov^h  fireqnently 
somewhat  similar  in  the  form  of  its  hydrotheosa  to  IkfUograpw^  is, 
nevertheless,  more  nearly  allied  to  CUmaeograpUu. 

The  genus  may  be  thus  briefly  described : — 

G^us  DicranograptuB,  HalL  Orapt.  Qaeb.  Gr.  p.  112.  (from 
hucpdvo^,  two-headed ;  ypcul)m,  I  write.) 

'  Polypary  with  a  double  series  of  hydrothecse  on  the  proximal 
portion  or  stem,  which  divides  distally  into  two  branches,  bearing 
hydrothecae,  continuous  with  those  on  the  stem,  on  their  enter 
aspect  only. 

The  proximal  portion  is  composed  of  two  distinct  series  of  hydro- 
thecffi,  each  having  its  own  common  canal,  as  shown  by  their 
protecting  periderms  separating  fiom  each  other  in  the  axil  of  the 
branches.'  From  this  point,  the  branches,  bearing  hydiothec»  on 
their  outer  aspect  only,  diverge  symmetrically,  forming  varions 
angles  with  each  other.  The  solid  axis,  commencing  in  a  minute 
radicle,  )  which  is  flanked  by  two  lateral  spines,  processes  from  the 
first-formed  thecae,)  runs  up  the  centre  of  the  polypary,  between  its 
coalescing  dorsal  walls  (?),  and,  being  double,  bifurcates  in  the  axil  of 
the  branches,  becoming  thus  dorsal  to  each  branch.  The  hydrothece 
are  usually  un distinguishable  from  each  other  for  some  portion  of 
their  length ;  we  cannot  trace  the  division  between  any  two  adjoining 
hydrothecaB  towards  their  proximal  end,  nor  can  we  say  where  the 
periderm  and  its  thecas  are  connected :  but  sometimes  a  line  of 
separation  can  bo  traced,  the  distal  margin  of  one  theca  having 
parted  from  the  proximal  margin  of  the  next  The  apertures  ex- 
tend ri^ht  across  the  distal  end  of  each  hydrotheca,  from  its  apex  to 
its  junction  with  the  next  succeeding  theca.  They  are  apparently 
situated  in  a  hollow,  or  incision,  in  the  body  of  the  polypary,  and 
are  therefore  not  exposed  beyond  the  general  margin  of  the  polypaiy. 

It  is  evident  that  we  can  only  compare  the  proximal,  or  diprioni- 
dian  portion  of  the  polypary  with  the  genera  Diplograpttu  and 
ClmacograptuSj  as  they  have  a  double  series  of  hydrothecaa  through- 
out their  length.  But  let  us  first  see  in  what  theg  differ  from  esK^ 
other.  Hall  gives  sections  of  CUmacograptus  tgpicalis*  which  show, — 
first,  that  in  this  species  the  solid  axis  is  a  slender  cylindrical  rod  or 

*    GlOLOOICAL  MjlOAZTNB,  Vol.  V.,  5.  132. 

'  JouriL  Quekett  Micros.  Club,  toI.  i.,  p.  160. 

'  That  the  two  series  of  hjdrothecse  are  really  thus  isolated,  I  am  by  no  menu 
certain.    Pending  further  inyestigation,  I  quote  the  view  generaUj  sntertiiiaed. 
'  Gnipt.  Qoeoec  Groap,  pU  A.,  t%.  4-8. 
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tabe,  passing  fhrotigh  ibid  centre  of  a  oanal  which  is  common  to  the 
two  series  of  hydrothecsd, — and  secondly,  that  the  hydrotheoss,  where 
they  are  in  contact,  are  formed  simply  by  excayations  in  the  body 
of  the  polypary.  Dr.  Nicholson,  on  the  other  hand,  states  that  in 
ClimaeograpUu  icahria  the  two  series  of  hydrothecse  are  not  organi- 
oally  connected  with  each  other,  their  dorsal  walls  **  coalescing  to 
form  the  median  septmn,  along  the  centre  of  which  rans  the  solid 
axis."'  This  is  precisely  the  stmctnre  of  Diplograpius.  We  haye 
also  nnmerons  figures,  eridently  accurate,  of  C,  BeaUrit^ — ^I  refer 
more  especially  to  Scharenberg*s,' — which  show  that  the  hydro- 
thecsB,  where  usually  in  contact,  are  occasionally  separated  by  a 
slight  interval,  proving  that  they  are  really  distinct  fh>m  the  body 
of  the  polypary,  and  not  simply  formed  by  excavations  in  its  sides. 
This,  also,  is  the  structure  of  IHpkgrapius.  In  what  then  do  they 
differ  ?  Li  Climaeograptua,  as  also  in  JDicrano^raptw,  the  separation 
of  the  hydrothec8B  is  only  occasionally  seen,  and  very  seldom  extends 
to  the  common  periderm.  In  LtplograpafM  it  is  invariable;  the 
hydrothecas,  though  adjoining  each  other  for  some  portion  of  their 
length,  are  entir^y  distinct  and  complete  in  themselves  to  their 
junction  with  the  periderm. 

The  two  genera  also  differ  in  the  position  of  the  apertures  of  their 
hydrothec89.  In  Diphgrapau$  they  are  situated  at  the  apex  of  the 
free  end  of  each  theca,  while  in  Clifnaoograpttu  they  are  situated  in 
a  hollow  which  appears  to  be  excavated  out  of  the  polypary.  In 
D%eranograptu9  they  are  situated  in  an  exactly  similar  manner,  the 
outer  margin  of  each  hydrotheca  being  brought  over  the  aperture  of 
the  one  which  precedes  it. 

It  is  thus  seen  that  in  the  isolation  of  the  two  series  of  hydrothec8d 
the  three  genera  do  not  differ,  while  Dicranogrnptus  and  Climaeo- 
grapiuB  alone  are  alike  in  the  usual  intimate  connection,  and  only 
occasional  separation,  of  the  hydrothecsd  near  their  origin,  and  in  the 
position  of  their  apertures.  JDieranoffraptus,  however,  differs  from 
Chmaeograptua  in  its  hydrothecce  being  usually,  but  by  no  means 
always,  more  prolonged  distally,  in  which  respect  alone  it  more 
nearly  approaches  Diploprapsua ;  but  it  is  evident  that  this  is  only  a 
slight  variation  in  form,  attended  by  no  corresponding  change  in 
structure.  We  may  therefore  conclude  that  the  genus  is  most  nearly 
allied  to  ClimaeograptuB,  essentially  differing  from  it  in  the  dividing 
of  its  polypaiy  (its  generic  character)  alone. 

It  is  also  nearly  allied  to  a  section  of  the  genus  DidymograpitUf 
which  I  intend  to  describe  on  a  future  occasion. 

The  genus  Dieranograptus  is  exclusively  Lower  Silurian.  It  first 
appears,  represented  by  a  single  species  only,  Z).  ramoitUj  in  the 
Ai^inig  of  North  Wales,  and  is  then  seen  in  the  Llandeilo  of  Wales, 
and  of  the  south  and  south-west  of  Scotland,  where  it  attains  its 
maximum,  both  in  the  number  of  species  and  of  individuals.  From 
one  locality,  Moffat,  Dumfriesshire,  five  species  have  been  obtained 
— all  that  ate  known  to  occur  in  Britain.    One  species,  D.  sextans, 

*  Quart.  Jatan,  Geol.  Soc.,  toI.  zziv.,  p.  528. 

*  Ueber  On^,  pL  iL,  fig.  17-22. 
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then  appears  in  Ireland.  In  the  Hudson  Biver  Group  of  Canada 
and  New  Tork,  two  Britiah  species,  D.  ramoiui  and  D.  sextatu,  are 
found,  associated  with  another  species,  D.Jureatw  (Hall),  not  known 
to  occur  in  Britain.  D.  ramatus  also  extends  to  the  Lower  Silurians 
of  Australia,  thus  having  a  very  great  geographical  range. 

The  genus  is  represented  in  Britain  by  the  following  species : — 

1.  DicranograptuB  iextans,  Hall  (1865),  Grapt.  Queb.  Group,  p.  57. 
GraptoUthus  sextans,  Hall  (1847),  Pal.  New  York,  voL  i.,  p.  273, 
pL  Izxiv.,  fig.  3.  Diphgrapsus  (fDidgmograpsus)  sextans^  MoCoy 
(1851),  Pal.  Foss.,  p.  9.— PI.  XVL,  Fig.  1. 

Polypary  with  an  extremely  short  diprionidian  stem,  dividing  into 
two  short  and  slender  monoprionidian  branches,  which  diverge  from 
each  other  at  an  angle  of  about  60  degrees.  Hydrothecaa  &om  30  to 
35  to  the  inch;  free  for  fully  half  the  width  of  the  polyparv; 
curvilinear  in  outline,  but  with  an  outer  margin  nearly  straignt 
towards  the  distal  end.  Apertures  situated  on  the  convex  distal 
margin  of  each  hydrotheca,  and  forming  an  angle  of  about  45 
degrees  with  the  axis. 

The  first  two  hydrothecad  only  are  united,  forming  an  undivided 
portion  which  can  scarcely  be  called  a  stem,  for  it  is  not  more  than 
l-30th  of  an  inch  long,  exclusive  of  the  minute  radicle  and  slender 
lateral  spines.  The  branches  are  from  one-third  to  nearly  half  an 
inch  long,  and  about  l-30th  broad,  and  are  remarkable  for  the  con- 
stancy of  their  angle  of  divergence,  which  is  the  same  in  both 
American  and  British  specimens.  The  hydrothecao  are  decidedly 
curved  in  their  free  portion,  and  in  British  specimens  have  no 
mucronate  point,  as  described  and  figured  by  HaU.  They  are  nearly 
parallel  with  the  axis  in  their  outer  margin,  are  slightly  rounded  ofi" 
to  the  aperture,  and  prolonged  until  forming  an  angle  of  from  about 
30  to  40  degrees  with  the  axis. 

The  position  of  this  species  is  somewhat  doubtful,  but  it  seems 
nearer  to  Dicranograpius  than  to  the  allied  species  of  Didgmograpsus, 
with  which  it  is  usually  associated.  The  stem  is  certainly  exceedingly 
short — dmost  rudimentary ;  but  it  bears  a  fair  proportion  to  the 
entire  polypary,  being  nearly  1-lOth  the  length  of  the  branches;  and 
there  is  no  indication  of  a  spine  opposite  the  true  radicle,  as  in  the 
most  nearly  allied  species  of  DtdgmograpsuSf  which,  moreover,  have 
very  long  branches. 

Log.  Arenig : — Braithwaite  Brow,  Skiddaw,  Cumberland  (Salter)  ? 
Llandeilo  : — Builth,  Wales  ;  Glenkiln  Bum,  Dumfriesshire ;  Loch 
Ryan,  Wigtownshire  ;  Kilmacreagh,  etc.,  Clare,  Ireland  (Baily). 
Caradoc : — Canada  and  New  York  (Hudson  River  Group). 

2,  Dicranograpius  formosus,  sp.  nov. — PI.  XVI.,  Fig.  2. 
Polypary  with  a  very  short  diprionidian  stem,  dividing  into  two 

slender  monoprionidian  branches,  which  diverge  from  each  other  at 
an  angle  of  from  about  30  to  45  degrees.  Hy drothecae  from  30  to  35  to 
the  inch ;  free  for  a  third,  or  sometimes  nearly  half  the  width  of  the 
polypary  ;  curvilinear  in  outline,  and  more  or  less  incurved  towards 
the  distal  end.  Apertures  situated  on  the  convex  distal  maigin  of 
each  hydrotheca,  and  forming  but  a  slight  angle  with  the  axis. 
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The  branches  aie  only  oonjoined  at  the  proximal  end  for  the  space 
of  two  and  a  half  or  three  hydrothecs,  forming  a  stem  scaroely 
1-lOth  of  an  inch  in  length.  Commencing  in  a  minnte  radicle, 
flanked  by  two  ddicate  setiform  spines,  which  are  but  rarely  pre- 
served, it  widens  ont  to  the  axil,  and  separates  into  two  branches 
firom  l-30th  to  nearly  l-20th  of  an  inch  wide,  and,  in  the  specimens 
examined,  scaroely  tnree-quarters  of  an  inch  long.  They  are  nearly 
straight,  and  in  well  preserved  specimens  are  ornamented  by  minate 
circular  pustules  or  scars,  which  appear  to  mark  the  junction  of  the 
hydrothecse  and  periderm.  The  hydrotheca)  commence  in  their  free 
portion  with  a  concave  outline,  soon  becoming  convex.  They  are 
rounded  off  at  the  end,  and  are  sometimes  so  much  incurved  that 
their  apertures  face  diiectly  inwards. 

The  branches  are  frequently  twisted  until  the  apertures  of  the 
hydrothec®  appear  on  their  upper  surface,  and  in  this  condition  very 
much  resemble  ''  scalariform  impressions"  of  Climacograptus  hieamis, 

D.  formomB  differs  from  2).  sextans,  to  which  it  is  most  nearly 
allied,  in  the  greater  length  of  its  stem,  in  the  smaller  angle  of 
divergence  of  its  branches,  which  are  also  longer  and  more  robust, 
and  in  the  elegantly  curved  form  of  its  hydrothecas.  It  has  a  slight 
resemblance  to  Didymograpius  aneeps  (Nich.),  but  may  easily  be  dis- 
tinguished from  it  by  its  possession  of  an  undivided  proximal  por- 
tion, by  the  greater  tenuity  of  its  branches,  and  by  the  greater  num- 
ber of  hydrothecaa  in  the  inch. 

Loo.  Zhndsilo: — Beld  Craig  Bum,  Moffat,  Dumfriesshire.  (In 
black  fissile  shale.)     Llanerchymedd,  Anglesea,  North  Wales  (?). 

3.  Dieranograptus  Nichokani,  sp.  nov. — PI.  XVL,  Fig.  3. 

Polypary  with  a  short  diprionidian  stem,  much  wider  near  the  axil 
than  at  the  proximal  end,  and  dividing  into  two  monoprionidian 
branches  which  diverge  from  each  other  at  an  angle  of  70  or  80 
degrees,  and  form  with  each  other,  at  their  origin,  a  continuous  curve. 
Hydrothecsd  from  20  to  25  to  the  inch,  frlBC  for  nearly  half  the  width 
of  the  polypary ;  curvilinear  in  outline,  but  not  incurved  towards  the 
distal  end.  Apertures  extending  around  the  convex  distal  margin 
of  each  hydrodieca. 

The  stem  is  about  a  quarter  of  an  inch  long,  and  has  a  minute 
radicle  and  two  equally  minute  lateral  spines,  which  are  seldom  seen. 
The  branches  are  from  l-30th  to  l-20th  of  an  inch  wide,  and  attain 
a  length  of  at  least  an  inch  and  a  half.  They  are  joined  together 
at  about  a  tenth  of  an  inch  beyond  the  point  of  bifurcation  of  the 
axis.  This,  which  is  a  constant  and  very  peculiar  feature,  may  be 
analogous  to  the  conjoining  of  the  branches  of  DidymagrapstM  Moffat' 
muis  (Carr.)  "  by  a  slight  web,"  or  even  to  the  central  disc  of  Dtcho- 
grapstu ;  but  it  seems  to  differ  from  both  u\  the  conjoining  portion 
being  continuous  with,  and  undistinguishable  from,  the  general  body 
of  the  polypary.  The  hydrothecae  are  smaller  and  closer  together  in 
the  stem  than  in  the  branches,  and  very  nearly  approach  each  other 
towards  their  outer  margin,  which,  in  the  stem,  has  an  obtuse  mucro- 
nate  extension  or  spine,  directed  outwards,  or  at  xi^kt  «a^^fi^  \«^  ^^ 


» 


358  J.  HqpkifMn — Structure  qf  OrapMUes. 

axis,  and  in  die  branches,  a  slight  depression.  In  general  form  its 
hydrotheosd  mostly  resemble  those  of  D.  uxtam. 

J).  Nteholmmt  is  nearly  allied  to  D.  ramonu,  but  may  be  readily 
distinguished  from  it  by  the  shortness  of  its  stem,  the  greater  diver- 
gence  of  its  branches,  and  the  oorved  form  of  its  axil.  I  have 
named  it  after  Dr.  H.  A.  Nicholson,  who,  by  his  researches  in  the 
Skiddaw  Slates  and  Coniston  Flags,  has  added  so  much  to  our 
knowledge  of  the  British  Graptolites. 

Loo.  Zlandetlo : — ^Dobb's  Linn,  Mofiat,  Dumfriesshire.  (Li  black 
carbonaceous  shale.) 

4.  Dieranograptm  CUngam^  Oarr.  (1868),  Gsologioal  MAGAzmx, 
Vol.  v.,  p.  182,  pL  v.,  fig.  6.— PI.  XVL,  I^.  4, 

Polypaiy  with  a  short,  nearly  parallel,  diprionidian  stem,  dividing 
acutely  into  two  veiy  short  monoprionidian  branches,  which  diverge 
from  each  other  at  an  angle  of  about  40  degrees.  Hydrothecaa  from 
20  to  25  to  the  inch,  freld  for  nearly  two-thirds  the  width  of  the 
polypary ;  angular  in  outline,  or  but  slightly  curved ;  and  closely 
approximating  each  other  towards  their  outer  margin.  Apertures  at 
right  angles,  or  nearly  so,  to  the  axis. 

The  stem,  virith  its  slender  radicle  and  lateral  spines,  seldom 
reaches  a  quarter  of  an  inch  in  length,  and  the  branches,  which  are 
about  l-30th  of  an  inch  broad,  do  not  exceed  half  an  inch  in  length. 
The  hydrothec89  are  somewhat  similar  in  form  to  those  of  D.  ramo»w, 
but  much  more  frequently  appear  as  "scalariform  impressions/' 
They  seem  almost  entirely  free,  arid  are  much  elongated,  and  there- 
fore very  close  together,  much  closer  than  in  D,  ramostts,  from  which 
this  species  also  differs  in  its  short  stem,  and  short  and  slender 
branches,  which  never  exceed  the  dimensions  I  have  given.  In  the 
specimen  illustrated,  one  branch  is  seen  but  very  slightly  distorted, 
while  the  other  is  so  much  altered  by  compression  that  the  apertures 
of  the  hydrothecae  cannot  be  seen,  the  proximal  end  of  each  theca 
being  shoved  over  the  distal  end  of  the  one  which  precedes  it. 

Loo.  Llandeilo  : — ^Dobb's  Linn,  Moffat,  Dumfriesshire. 

5.  Dieranograptus  ramosus,  Hall  (1866),  Grapt  Queb.  Group,  p.  67. 
OraptolithuB  ramosus,  Hall  (1847),  Pal.  New  York,  vol.  i.,  p.  270, 
pi.  Ixxiii.,  fig.  3.  Diplograpms  ramoius,  McCoy  (1851),  Pal.  Fosa, 
p.  8. — PI.  XVI.,  Fig.  5.  Cladograp9U8  ineqtuUis,  Emmons  (1855), 
Amer.  (Jeol.,  vol  i.  p.  107,  pL  i,  fig.  12.  C.  dtsstmilarisy  ib.,  fig.  15. — 
PL  XVI.,  F^.  5. 

Polypary  with  a  diprionidian  stem  of  considerable  length,  wider 
towards  the  centre  than  at  either  end,  and  dividing  acutely  into  two 
monoprionidian  branches,  which  diverge  from  each  other  at  an 
angle  of  from  20  to  nearly  60  degrees.  Hydrothec»  about  25  to 
the  inch ;  free  for  half  the  width  of  the  polypary ;  angular  or  sub- 
angular  in  outline;  an^  separated  frx)m  each  other  towards  their 
outer  margin  by  a  considerable  interval.  Apertures  forming  an  angle 
of  about  46  degrees  with  the  axis. 

The  stem  is,  as  usual,  furnished  vdth  a  slender  radicle  and  spines. 
It  varies  from  half  an  inch  to  one  inch  in  length,  and  sometimes 
a^toias  A  breadth  of  l-8th  of  an  inch  at  its  widest  part.  Thebrandies 
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▼ary  from  l-20Qi  to  nearly  l-12th  of  an  inoh  in  breadth,  and  fre- 
quently attain  a  length  of  seyeral  inbhes.  The  hydrotheoiB  have  a 
straight,  or  but  slightly  convex  outer  maigin,  whicn  is  parallel  with 
the  general  outline  of  the  polypaiy ;  and  are  produoed  aistally,  untQ 
forming  an  angle  of  about  45  degrees  with  the  axis.  In  well  pre- 
served specimens  a  few  of  the  hydrothecsB  near  Uie  proximal  end  of 
the  polypary  have  a  slender  acutely  pointed  spine  proceeding  from 
their  outor  margin,  and  directed  more  or  less  towards  the  dis&  end 
of  the  polypary ;  and  in  the  branches,  minute  pustules,  marking  the 
junction  of  the  hydrothec89  and  periderm,  are  sometimes,  though 
rarely,  observed.  The  enlarged  drawings  of  portions  of  the  branches 
of  this  species  are  taken  from  the  complete  specimen  figured,  and 
present  a  variety  of  form  difficult  to  comprehend.  Indeed,  I  think 
it  wiU  be  better  to  offer  no  explanation  of  the  appearances  here  seen 
until  better  preserved  specimens  than  any  I  am  acquainted  with  can 
be  examined.  Emmons'  ifpecies  are  evidently  founded  on  imper- 
fectly and  unequally  preserved  specimens  of  D.  ramomu. 

Loo.  Arenig: — ^ly-obry,  near  Portmadoc,  North  Wales  (Salter). 
Zlandeilo  : — Builth,  and  Abereidy  Bay,  Wales.  Dobb's  Linn,  HartfeU, 
Olenkiln  Bum,  Wanlockhead,  etc.,  near  Moffiit,  Dumfriesshire.  Loch 
Ryan,  Wigtownshire.  Caradoe :— Canada  and  New  York  (Hudson 
Biver  Group.)  Also  recorded  by  Professor  McCoy,  from  the  Coniston 
Flags,  near  Ulverston,  and  from  the  Lower  Silurian  rocks  of  Mel- 
bourne, etc.,  Australia ;  and  by  Dr.  Emmons  {inequalu)  from 
Tennessee. 

EXPLANATION  OP  PLATE  XVI. 

Fig.  1.  JDicranograptut  sextans.  Hall.  la.  A  specimen  natoral  size,  lb.  The  same 
mag^iified  5  diameters  (restored),  le.  The  proximal  end  of  another 
specimen  slightly  enlarged  (from  a  drawing  by  Dr.  H.  A.  Nicholson). 

Fig.  2.  Dieranograptus  formosue^  Hopk.  2a.  A  specimen  nat.  size.  2b,  and  c. 
Portions  of  afferent  specimens  ma^.  6  aia.  2d,  A  piece  of  shale  (from 
the  Beld  Craig  Bnm)  covered  with  impressions. 

Fig.  8.  Dieranograptus  Nieholsoni,  Hopk.  3a.  A  specimen  nat.  size.  Zb.  The  proxi- 
mal end  of  the  same  mag.  6  dia.  3&  A  specimen  from  the  collection  of 
Mr.  Carrathers,  nat.  size.    Zd.  Part  of  a  branch  of  the  same  mag.  6  dia. 

Fig.  4.  Dieranograptus  Clinganu  Cart.  4a.  A  specimen  nat.  size,  ib.  The  same 
mag.  5  dia.    4c.  Part  of  a  branch  of  another  specimen,  mag.  6  dia. 

Fig.  6.  Dieranograptus  ramosus.  Hall.  S<i,  A  specimen  nat.  size.  53,  c,  and  d. 
Portions  of  the  branches  of  the  same  mag.  6  dia.  5^.  A  portion  of 
another  specimen  mag.  6  dia. 
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(Platxs  XVII  Axn>  XVIII.) 

FR  many  years  past  I  have,  at  intervals,  devoted  attention  to 
Tertiary  Brachiopoda,  and  I  now  propose  to  note  down  some 
remarks  in  oonnection  with  those  of  Italy. 

Of  all  ooontries  hitherto  investigated,  Italy  has  a£forded  the  largest 
nnmber  of  species,  and  of  these  I  have  been  able  to  study  the  best 
oollections,  as  well  as  many  examples  of  those  which  have  been 
found  in  the  South  of  France,  in  Spain  and  in  ALgofrifiiK    'Il^i^  ^X^^^ 
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of  Teitiaiy  species  in  oonjnnction  with  those  still  existing  is  a 
subject  of  considerable  interest,  and  it  did  not  fail  to  attract  the 
attention  of  our  justly-celebrated  geologist  Sir  Charles  Lyell  at  the 
veiy  dawn  of  his  geological  career,  and  it  is  mainly  to  his  travels, 
and  admirable  researches,  and  to  the  publication  of  the  third  volume 
of  his  renowned  "  Principles  of  Greology  "  in  1833,  that  we  are 
indebted  for  the  first  dear  light  that  has  been  thrown  upon  the 
subject  of  Tertiary  geology.  In  1829  (as  stated  in  his  preface)  Sir 
0.  Lyell  had,  after  repeated  journeys  in  Italy  and  in  other  regions, 
arrived  at  the  conclusion  that  the  Tertiary  period  might  be  con- 
venientiy  subdivided  into  three  or  four  principal  divisions,  for  which 
he  invented  the  designations  of  Eocene^  Mioe&ne,  older  and  newer 
Pliocene — these  divisions  being  founded  on  the  relative  number  of 
species  in  each  group  which  were  identifiable  with  species  now 
living. 

In  1830  Sir  C.  Lyell  became  acquainted  vnth  the  eminent  French 
conchologist,  M.  Deshayee,  who  had,  previous  to  his  introduction  to 
Sir  Charles,  been  cmranging  the  numerous  Tertiary  shells  in  his 
possession  into  three  groups,  which,  in  the  main,  agreed  with  the 
divisions  arrived  at  by  our  English  geologist  after  several  years  of 
labour  in  the  field ;  and,  in  order  to  give  greater  weight  to  these 
divisions,  Sir  Charles  induced  M.  Deshayes  to  prepare  a  series  of 
tables  to  be  appended  to  the  third  volume  of  the  "  Principles " 
already  quoted. 

Sir  Charles  Lyell  and  M.  Deshayes  were,  however,  perfectiy 
aware  in  1833  that  the  per-centage  test  would  continually  require 
modification,  as  every  fresh  discovery  would,  in  a  measure,  alter 
the  numerical  results  they  had  provisionally  published ;  but  they 
also  felt  that  the  main  fact  would  remain  unaltered,  namely,  that  as 
our  Tertiary  formations  approach  in  age  to  the  recent  period,  they 
will  be  found  to  contain  a  larger  proportion  or  per-centage  of  living 
forms.  Moreover,  as  was  surmised  by  Sir  Charles  himself,  geologists 
would  subsequently  find  it  necessary  to  subdivide  each  of  his  large 
divisions  into  two,  three,  or  more  stages.  Indeed,  as  has  been  so 
often  observed  by  geologists  as  well  as  by  palaK)ntologists,  lines  of 
demarcation  are  established  more  for  convenience  of  reference  than 
in  order  to  denote  any  absolute  interruption  in  the  regular  sequence 
of  sedimentary  deposition,  or  of  life  on  the  surface  of  our  globe. 
These  supposed  breaks  are  very  often  due  to  local  conditions,  which 
may  occur  in  one  and  not  in  another  field  of  observation.  We  are 
likewise  far  from  having  discovered  the  laws  which  regulate  the 
gradual  succession  of  life ;  and  we  6u*e,  I  fear,  much  too  apt  to  guess 
at  the  origin  of  species,  and  to  interpret  those  tmknown  laws  from  a 
small  number  of  incomplete  observations.  The  assiduous  researches 
which  for  many  years  I  have  made  among  the  living  and  fossil 
species  of  Brachiopoda,  have  to  a  certain  extent  imbued  my  mind 
with  the  idea  that  an  individual  species  may  have  been  gradually 
very  much  modified  in  time  so  as  to  suit  the  conditions  under  whicji 
it  had  to  exist,  but  at  the  same  time  everyone  who  has  studied  with 
any  degree  of  care  any  class  composing  the  animal  kingdom,  must 
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frankly  admit  that  there  are  so  many  inexplicable  sudden  appear- 
ances of  entirely  distinct  forms,  with  no  apparent  links,  connecting 
them  with  those  that  were  antecedent,  or  eyen  contemporaneous, 
that  it  is  impossible,  in  the  present  state  of  onr  knowledge,  to 
arrive  at  any  definite  condnsions.  To  what  extent  species  are 
derived  from  their  predecessors,  is  a  problem  which  may,  or  may 
never  be  completely  explained,  but  it  is  so  sublime  a  subject  of  in- 
vestigation, that  eveiy  new  fact  acquired  is  of  the  highest  value  to 
the  intellectual  observer. 

It  will  not  be  possible  or  necessary  here  to  enter  into  any 
lengthened  discussion  relative  to  the  views  entertained  by  different 
geologists  in  connection  with  the  number  of  stages  into  which  the 
Tertiary  period  should  be  divided,  or  as  to  the  names  which  each  of 
these  i^ould  retain ;  but  we  cannot  go  far  wrong  in  grouping  the 
Italian  Brachiopoda  into  the  following  well>known  divisions : — 

Becent. 
Quatemaiy. 
o  (  Upper  Pliocene. 
( Lower  Pliocene. 


Tertiary 
period. 


(  P[PP?^  Miocene. 


Middle  Miocene. 
( Lower  Miocene. 
Eocene  or  Nummulitic. 
Cretaceous  (Scaglia  of  the  Italians). 
We  may,  however,  mention,  prior  to  entering  upon  the  main  sub- 
ject  of  this  communication,  that  in  his  '*  Tableau  Synchronutiqw  des 
Terrains  TerimireSy^^  published  in  1868  and  1869,  Mr.  Ch.  Mayer,  of 
Zurich,  has  divided  the  Tertiary  period  into  the  following  fourteen 
separate  stages : — 

'  XIV.  £tage  Saharien    =  Saharian  series,  1865. 
Xm.  £tage  Astien        =  Astian  series,  1856. 
Xn.  £tage  Messinien  =  Messinian  series,  1867. 
XI.  £tage  Tortonien  =  Tortonian  series,  1867. 
X.  £tage  Helvetian  =  Helvetian  series,  1857. 
IX.  £tage  Langbien   =  Langhian  series,  1866. 
VUi.  fitage  Aquitanien  =  Aquitanian  series,  1867. 
Vn.  £tage  Tongrien    =  Tongrian  series,  1852. 
VI.  £tage  Ligurien     =  Ligurian  series,  1857. 
V.  £tage  Bartonien  =  Bartonian  series,  1857. 
rV.  £tage  Parisien      =  Parisian  series,  1857. 
in.  £tage  Londonien  =  Londonian  series,  1857. 
n.  £tage  Soissonien  =  Soissonian  series,  1857. 
I.  £tage  Flandrien    =  Flandrian  series,  1868. 

The  Eocene  deposits  of  the  North  of  Italy  have  been  carefully 
studied  by  several  geologists ;  but,  from  want  of  space,  I  must  refer 
the  student  for  details  upon  this  subject  to  the  admirable  memoir  by 
Dr.  Suess,  published  in  the  Proceedings  of  the  Italian  Society  of 
Natural  Sciences  for  the  Meeting  held  at  Vicenza,  Venotia,  in  1869,  as 
well  as  to  M.  Bayan's  excellent  paper  on  the  ''  Terrains  tertiaires  de 
la  Ven^tie,"  published  in  the  Bulletin  of  the  Gkolo^ool  S^wsiaVj  ^1 
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France,  2nd  ser.  voL  xzviL,  p.  444,  Maich,  1870.  In  ibk  oommnni- 
oation  M.  Bayan  divides  the  Eocene  of  the  Vioentin  tenitoiy  into 
six  stages,  which  he  distinguishes  by  the  letters  A,  B,  C,  D,  S,  and  F. 
The  stage  A  is  divided  into  two  series  of  beds,  of  whidh  the  h)weit, 
with  Fentacrinus,  occurs  at  Mossano,  etc  Above  this  he  places  those 
reddish  compact  limestones  which  at  Mont^  Spilecoo  contain  i2%ii-> 
choneUa  polymorph^  etc  These  beds  had  been  considered  by  Baron 
Schauroth  as  forming  part  of  the  Cretaceous  series;  bnt  as  they  lie 
above  the  Chalk  (or  <'  Scaglia,"  of  the  Italians)  would  be  refianed  hji 
M.  Bayan  and  Sig.  Meneghini  to  the  lowest  portion  of  the  Tertiary 
period  of  that  part  of  Italy.  It  represents  also  Dr.  Suess's  Horiaon  of 
Spilecoo.  In  stage  B,  M,  Bayan  places  Rkyn,  Bok&tuu  and  other 
species  to  which  I  will  refer  in  the  sequel,  as  that  gentleman 
and  Sig.  Meneghini  have  placed  their  entire  collection  of  Eocene 
Braohiopoda  in  my  hands  for  examination  and  publication. 

I  must  also  mention  that  in  the  paper  above  referred  to,  M.  Bayan 
divides  the  "  Oligoc^ne  "  period  of  Italy  into  two  stages,  G  and  H, 
reserving  the  letters  I,  J,  and  K,  for  the  Miocene ;  but  Sir  C.  Lyell 
informs  me  that  he  considers  Prof.  Beyrich's  ''Oligoc^e"  to  be 
synonymous  with  part  of  his  own  Lower  Miocene.^ 

The  Cavaliere  Bovasenda  of  Turin  tells  me  likewise  that  those 
who  have  made  a  lengthened  study  of  the  G^logy  of  Piedmont, 
have  been  led  to  divide  the  Miocene  into  three  stages,  and  to  attri- 
bute great  importance  to  the  Middle  Miocene ;  that,  on  the  contrary, 
tiie  Oeologists  of  Central  and  Southern  Italy,  as  well  as  strangers,  do 
not  appear  to  attach  so  much  value  to  the  Piedmontese  Middle 
Miocene,  for  the  reason  that  it  is  very  difficult  to  form  an  exact  idea 
of  the  thickness  and  importance  of  this  stage,  the  best  fossiliferous 
localities  being  little  known,  and  of  difficult  access,  but  that  the  great 
bulk  of  his  magnificent  series  of  fossils  were  derived  from  it.  In 
the  hill  of  Turin,  the  Middle  Miocene  attains  the  greatest  thickness, 
while  the  Lower  and  Upper  Miocene  is  much  leas  developed. 
Sig.  Sequenza  has  also  been  led  to  attribute  great  importance  to  the 
Lower  Pliocene,  and  proposes  to  substitute  the  term  "  Zandeano  "  for 
that  of  Older  Pliocene 

I  must  now  proceed  to  announce  that  the  study  of  Italian  Tertiary 
Brachiopoda  has  at  intervals  since  1759  attracted  the  keen  attention 
of  Italian  Paladontologists,  who  have  themselves  well  described  and 
illustrated  the  larger  number  of  their  species,  but  in  no  separate 
paper  or  work  have  they  been  hitherto  combined,  and  several  of 
those  from  the  Eocene  period  remain  undescribed. 

In  1759  SdUa  illustrated  two  Sicilian  species ;  in  1814  Brocohi 
described  and  figured  some  few  forms  he  had  found  in  Tuscany.  In 
1836  and  1844  several  Calabrian  and  Sicilian  species  were  described 
and  illustrated  by  Philippi.  In  1851  and  1852  Costa  published 
those  known  to  him  from  tiie  kingdom  of  Naples ;  Sig.  Michelotti,  in 

^  M.  Deshayes  still  perBists  in  attaching  the  "  Oligoc^ne"  to  the  Lower  Tertiarj 
period,  while  the  Germans,  who  possess  the  largest  deTelopraent  of  the  series,  are 
unanimous  in  considering  it  as  an  independent  and  intermediate  period,  lying 
between  the  £ocene  and  Miocene. 
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levenl  szoelleiit  works,  dMoiibed  the  few  ipeoies  found  by  him 
a  Piedmont,  bnt  bj  fiu:  the  larger  number  of  these  last,  aa  well  as 
)f  those  firom  Sioil;,  have  been  well  desoribed  and  illostrated  by 
Prof.  SeqnenEa,  of  Ueaaina.  The  speoieB  of  the  North  of  Italy  and 
li  Toaoany  have  aUo  been  owefnlly  stndied  by  Sig.  Ueneghini,  of 
?ifl&  Smaller  oontribntionB  have  likewise  been  made  by  Hasra- 
OBgo,  Aradas,  Caloara,  Qalvani,  Biondi,  Schanroth,  Soeas,  and  some 
itben,  whoae  names  and  works  will  be  referred  to  in  the  sequel. 

I  propose,  tiierefbre,  in  this  oommnnioation  to  review  brieSy  the 
rhtde  snbjeot^  and  to  famish  the  stndent  with  descriptions  of  the 
iflw  Bpeoies,  aa  well  as  some  observations  where  neoessary  in  con- 
leotion  with  those  already  known.  I  also  propose  to  add  a  figure  or 
npre  of  each  speoiefl  whioh,  with  few  exoeptiona,  I  have  drawn  from 
nil-preserved  Bpedmens,  for  whioh  I  am  indebted  to  several  of  the 
reutlem^i  above  named,  in  addition  to  the  Gav.  L.  Bovaaenda,  of 
nirin,  and  Sig.  Bigaooi,  of  Borne.  I  wonld  also  refer  the  student  to 
he  works  of  the  palsaontologista  above  named  for  descriptiona  and 
iata  of  references,  synonyms,  eta,  whioh,  &om  want  of  apaoe,  oannot 
M  transonbed  in  uus  paper.  The  lai^er  number  of  the  ilooene 
ipeoimenB  figured  by  me  belong  to  Sig.  Uen^hini,  to  the  Unseam 
n  Pisa,  and  to  that  of  the  £oole  ImpSriale  des  Uinee,  of  Farisi 
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1.  Terehratula  grandii  (Blumenbflch),  PI.  XVIII.,  Fig.  1,  2. 
XIX.,  Fig.  1,  2,  3.  TliiB  important  Bpeoiea  ie  exceediDglj  variable, 
it  is  usually  more  or  Icbh  elongated,  and  some  specimens  are  almost 
oirculat.  It  varies  also  in  the  degree  of  convexity  of  its  valves. 
Specimens  agreeing  with  those  that  occur  in  GnglaacC  France,  Spain, 
and  Germany  are  found  in  the  Upper  Miocene,  but  are  espeoially 
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abundant  in  the  Pliocene  of  Tarions  parts  of  Italy.  It  may  be  col- 
lected at  Casaglia  near  Yolterra,  Monale  near  Asti,  etc.,  in  Tuscany ; 
at  Monte  Mario  in  Borne,  in  Calabria,  and  in  the  Island  of  Sicily. 

To  an  inflated  variety  from  the  Piacentino  (PL  XIX.,  Fig.  2) 
Broochi  gave  the  name  of  ampulla,  and  he  refers  likewise  to  a  figure 
by  Scilla  (De  Oorporibus  Marinis,  pi.  xiy.,  fig.  6,  1759),  but  many 
paleontologists  seem  to  be  of  opinion  that  this  designation  shotdd  be 
added  to  tide  synonyms  of  T.  prandia.  Sig.  Meneghini  belieyes, 
however,  that  he  has  detected  some  small  modifications  in  the  shape 
of  the  loop,  which  he  thinks  might  perhaps  entitle  it  to  retain  its 
separate  designation.  He  proposes  Ukewise  the  name  of  T,  RegnoUi 
for  a  circular  shell  (PL  XIX.,  Fig.  3),  from  the  Upper  Miocene  of 
Parlascio  (EQlls  of  Pisa),  in  which  the  crura  and  lateral  branches  of 
the  loop  would  be  more  divaricated  and  the  shell  punctures  more 
strongly  marked  than  in  either  T.  grandis  or  T,  ampulla.  Sig. 
Sequenza  informs  me  that  all  the  Sicilian  specimens  that  were  referred 
by  him  to  T,  ampulla  are  in  reality  referrible  to  T.  prandis,  and  I 
am  quite  disposed  to  concur  in  this  opinion.  The  shell  under  notice 
has  not  yet  been  discovered  in  the  recent  condition ;  the  largest 
known  recent  Terehratula  having  elongated  loops,  as  in  Waldheimia. 

2.  Terehratula  sinuosa  (Brocchi),  PL  XVIIL,  Fig.  3,  4,  5.  Broochi 
refers  us  to  the  Encyclopedic  Methodique,  pL  239,  fig.  3,  for  an 
illustration  of  his  species,  and  on  comparing  this  figure  with  similar 
small  examples  of  T.  sinuosa  from  Italy  and  the  Island  of  Malta,^  I 
found  that  they  agreed  completely,  as  well  as  with  the  typical 
example  of  T  Pedemontana  (Lamarck),  in  the  Museum  of  the  Jardin 
des  Plantes,  of  Paris,'  so  I  am  inclined  to  consider  that  all  these 
shells  may  perhaps  be  variations  in  shape  of  a  single  species.  Sig. 
Meneghini  believes  T.  Pedemontana  to  be  specificsdly  distinct,  both 
by  the  incurvation  of  its  beak  and  shape  of  its  loop. 

T  einuosa  attains  large  dimensions,  but  not  quite  as  great  as 
T.  grandis.  It  is  very  variable  in  shape,  so  much  so,  that  at  one 
time  I  felt  inclined  to  concur  in  the  opinion  expressed  by  several 
palaeontologists, — namely,  that  T  einuosa  might  be  nothing  more 
than  a  biplicated  variety  of  T.  grandis;  but  having  subsequently 
found  that  so  many  middle-aged  and  adult  specimens  attributed  to 
T  einuosa  were  always  extremely  biplicated,  1  became  disposed  to 
consider  it  as  specifically  distinct  from  T  grandis,  Mr.  Champer- 
nowne  has  likewise  collected  several  specimens  at  Cordova,  in  Spain, 
which  agreed  in  every  respect  with  those  so  abundantly  found  in  the 
Island  of  Malta,  and  I  have  also  seen  two  or  three  examples  from 
Algeria  which  presented  the  same  peculiarities. 

It  is  still  uncertain  when  this  species  first  made  its  appearance ; 
an  incomplete  specimen  (PL  XVII.,  Fig.  3),  obtained  by  Sig.  Mene- 
ghini in  Eocenic  greensand  at  Belluno  has,  with  some  uncertainty, 
been  attributed  to  the  species.  From  the  Middle  Miocene  it  is  quoted 
from  Bosignano,  near  Casale  and  the  Colle  dei  Cappucini,  near 
Turin.      T  Pedemontana  is  stated  by  Meneghini  to  occur  only  in  the 

1  Day.,  Annals  and  Mag.  of  Nat.  Hist.  2nd  ser.  vol.  v.,  pi.  xiv.,  fig.  34,  1850. 
<  Day.,  Annals  and  Mag.  of  Nat.  Hist,  for  July,  1864. 
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Upper  Miooene  of  Palazsso  and  St  Lorenzo,  near  Sena.  The  nme 
distinguished  palaeontologist  informs  me  that  he  likewise  obteined 
T,  $muasa  in  the  Pliooene  near  Siena,  and  at  the  Grrotta  Bondinaya 
(Yal  d'Elsa),  in  Tusoany.  Broochi  quotes  it  from  the  Piaoentino, 
and  it  oocurs  in  the  same  fbnnation  in  Calabria  and  in  ^dljt  but 
has  not  hitherto  been  discovered  in  the  recent  condition. 

3.  T0rehratfdaE4meionii{}ieatfgtnDi,TiM.)yFLX[^  Onrf» 
and  biplioated  only  near  the  frontal  margin,  valves  almost  equally 
deep,  surface  smooth ;  length  10,  width  8,  depth  5  lines. 

Sig.  Meneghini  found  this  shell  in  blue  sub-Apennine  days 
(Pliocene)  at  Boncione  (Hills  of  Pisa),  but  is  uncertain  whether  it 
should  be  described  as  new.  The  diell  is  very  remarkable  on 
aoount  of  the  size  and  arrangement  of  its  punctures.  Its  interior  is 
not  known. 

4.  TerehraMa  huinuata  (Lamarck  ?)  PI.  XYU.,  Fig.  1, 2.  Lamarck. 
Histoire  Nat.  des  Animaux  sans  vert^bres,  voL  vL,  p.  252,  1819. 

Several  specimens  found  by  Sig.  Men^hini  in  the  Eocene  or 
Nummulitio  Limestone  at  Bolca,  in  the  Veronese  territorr,  have  been 
referred  by  him  to  Lamarck's  species.  I  have  compared  these  shells 
with  a  ]&rg^  series  of  specimens  of  T.  huinuaia  from  Pames,  near 
Paris,  and  have  observed  that  in  the  French  examples  the  biplioation 
is  usually  less  strongly  defined  than  in  those  frx)m  Italy.  I  cannot, 
however,  help  noting  how  nearly  some  of  these  Bolca  shells  agree 
with  similar  sized  specimens  of  T,  Hnuoio, 

5.  Terehratula  hipltcatcBformu  (Schauroth),  PI.  XVTL,  Fig.  9.  Ver- 
zeichniss  der  Yersteinerungon  im  Herzogl-Naturalien  Cabinet  zu 
Coburg,  p.  165,  pl.  v.,  fig.  3,  1865. 

I  know  nothing  of  this  species  further  than  the  description  and 
figures  published  by  Schauroth.  It  appears  to  be  slightly  biplioated 
in  front,  and  is,  consequently  quite  distinct  from  the  Ter.  Fumanemit 
of  Meneghini ;  along  with  it  is  found  a  large  variety  of  Eh.  polymer- 
pha  =T,  contorta  (Schaffh.).  It  occurs  in  the  lowest  stage  of  the 
Eocene  series  at  Novala,  or  rather  at  the  Zovo  di  Castelvecchio,  near 
Valdagno. 

6.  Terehratula  FumanensU  (Meneghini),  M.S,  PL  XVII.,  Fig.  6,  7, 8. 
Shell  oval,  longer  than  wide,  broadest  about  the  middle,  ventral 
valve  much  more  convex  and  deep  than  the  opposite  one ;  beak  in- 
curved and  truncated  by  a  circular  foramen ;  dorsal  valve  slightly 
convex,  flattened,  and  sometimes  gently  depressed  towards  the  front 
Surface  smooth,  marked  by  concentric  lines  of  growth.  Interior  not 
known.     Length  12,  width  11,  depth  7  lines. 

This  species  is  remarkable  on  account  of  its  oval  shape  and  small 
convexity  of  its  dorsal  valve.  It  occurs  abundantly  along  with 
Rh,  polymarpha,  in  a  compact  rose-coloured  Nummulitio  or  Eocenic 
Limestone  at  Fumane,  in  the  Veronese  territory,  also  at  Monte 
Spilecco  near  Bolca,  the  Zovo  di  Castelvecchio,  Campo  Tamaso,  etc 
This  rock  being  about  the  oldest  Tertiary  deposit  in  the  North  of 
Italy. 

7.  Terehratula  vitrea  (Bom),  PI.  XVII.,  Fig.  11.  This  well-known 
species  made  its  first  appearance  during  the  Miooene  period,  if  it 
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18  not,  indeed,  a  deicendant  from  the  CretaceouB  T.  eamsa,  and  from 
which  it  can  at  times*  be  scarcely  distinguished.  It  is  abmidant  in ' 
the  Older  and  Newer  Pliocene  of  Sicily,  is  alive  in  the  Mediterranean, 
and  apparently  likewise  so  in  the  Gblf  of  Mexico;  for  the  Ter.  Cuhenm 
of  Ponrtales  is  evidently  a  synonym  of  the  shell  nnder  notice.  Small 
Sicilian  (Pliocene)  examples  of  T.  viirea  were  figured  by  Scilla  in 
1759,  and  it  abounds  in  many  places  near  Messina.  It  is  found 
likewise  in  Quaternary  deposits  of  the  same  district 

T.  vUr9a  varies  much,  and  several  of  its  varieties  or  modifications 
in  shape  have  been  described  as  distinct  species.  Terehratula  nUnor 
(Philippi),  T.  tUifiiea,  T.  BrnioUwna,  T.  Mieh$lottina,  T.  LyeUiana,  and 
T,  ortic^data  (Sequenza),  appear  to  me  to  be  very  nearly  allied  to 
T.  vitrea ;  and  further  study  with  reference  to  their  distinguishing 
characters  will  be  required. 

a  T$rehratula  minor  (Philipp),  PL  XVIL,  Fig.  \4u  T.  ritrea,  var. 
minor  (Philippi),  Enumeratio  MolL  Sicilias,  vol.  i.,  pL  vi,  fig.  8, 1836. 

This  small  shell  is  exceedingly  abundant  in  the  Pliocene  deposits 
of  Sicily,  and  is  pretty  constant  in  its  dimensions,  which  are  con- 
siderably smaller  than  ^se  of  T.  vtirM.  In  1845  it  received  from 
Calcara  the  specific  designation  of  affinis  ;  Suess,  in  1859,  considered 
it  to  be  specifically  distinct  from  T.  vitrea^  and  described  it  as  pos- 
sessing stronger  valves  and  blunt  margins,  and  he  further  observes, 
that  Philippi  had  pointed  out  the  constant  differences  between  the 
two.  Its  loop  is  exactly  similar  to  that  of  T,  vitrea.  This  small 
species  occurs  alive  near  the  Island  of  Lipari,  north  of  Sicily,  and  in 
other  parts  of  the  Mediterranean. 

9.  Terehraiula  LyelUana  (Sequenza),  PI.  XIX.,  Fig.  5.  Sicilian 
Braehiopoda,  vol.  L  Memorie  della  Soc.  Italiana  di  Scienzo  Naturali, 
p.  23,  pi.  i.,  fig.  11, 12,  13, 1865. 

Externally  this  small  shell  much  resembles  T,  minor;  a  slight 
difference  in  its  loop  is  assigned  to  it  by  Sig.  Sequenza.  It  occurs  in 
the  Upper  Pliocene  near  Messina,  and  where  it  is  rare. 

10.  Terehratida  Benoitiana  (Sequenza),  PL  XVII.,  Fig.  13.  Sicilian 
Braehiopoda,  pi.  iL,  fig.  10. 

The  interior  has  not  been  discovered,  and  exteriorly  it  bears  much 
resemblance  to  some  specimens  of  T.  vitrea.  It  occurs  in  the  Older 
Pliocene  near  Messina,  where  it  is  stated  to  be  exceedingly  rare. 

11.  Terehrattda  dliptica  (Sequenza),  PL  XVII.,  Fig.  12.  Sicilian 
Braehiopoda,  pi.  ii.,  fig.  11. 

This  shell  is  said  to  be  very  rare,  and  to  occur  in  the  Older  Pliocene 
compact  limestone  of  Grravitelli,  Kometta,  and  Scirpi,  in  Sicily.  Its 
interior  is  not  known,  and  it  much  resembles  certain  specimens  of 
T,  vitrea, 

12.  Terehridida  Michelottina  (Sequenza),  PL  XVIII.,  Fig.  8.  Sicilian 
Braehiopoda,  pi.  ii.,  fig.  7,  8,  9. 

This  shell  is  stated  by  Sig.  Sequenza  to  be  easily  distinguishable 
from  T,  viirea  by  its  circular  shape,  as  well  as  by  certain  sinall 
differences  in  the  hinge-plate.  It  occurs  in  the  Upper  Miocene  and 
Lower  Pliocene  near  Messina. 
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13.  7hr$hraifda  orbieulata  (Seqnenza),  PL  XYELf  Fig.  15.  Sicilian 
Brachiopoda,  pL  ii.,  fig.  7,  S,  9. 

Sig.  Sequenza  eonsiders  this  shell  to  bear  muck  extermal  resem- 
blance to  the  preceding  one,  but  that  ji  differs  from  it  in  some  small 
detail  in  tiie  fi^pe  of  its  loop.  It  oooois  in  the  Lower  Plioeene  at 
Bometta,  Sooppo,  and  GxaviteLli,  near  Messina. 

14.  Terehratula  Mmeghiniana  (Sequenza),  PI.  XVIL,  Fig.  13. 
Sicilian  Brachiopoda,  pL  ii.,  fig.  12, 13. 

This  is  a  very  distinct  and  remarkable  species,  on  aooonnt  of  the 
median  depression  observable  in  the  anterior  portion  of  its  dorsal 
valve,  as  well  as  from  the  numerous  equidistant  prominent  concen- 
tric ridges  which  ornament  its  surfac&  It  occurs  in  the  Lower 
Pliocene  of  Bometta  and  Scirpi,  near  Messina. 

15.  Terehratula  sphenoidea  (Philippi),  PL  XVII.,  Fig.  16.  Enume- 
ratio  Moll.  Sicilisd,  vol.  ii.,  pi.  xviiL,  fig.  6,  1844. 

This  species  varies  considerably  in  shape,  but  is  distinguishable 
from  Ter.  vitrea  by  several  characters.  It  is  usually  widest  about  the 
middle,  most  convex  posteriorly,  and  fattened  in  both  valves  fix)m 
the  centre  to  the  front  It  has  been  stated  with  uncertainty  to  occur 
in  the  Middle  Miocene  of  the  Monte  dei  Cappucini  and  Gkissino, 
near  Turin,  also  at  Saravalle  di  Scrivia ;  but  the  specimens  in  ques- 
tion, which  were  lent  me  by  the  Gav.  Bovasenda,  appeared  referrible 
either  to  Waldheimia  ieptigera  or  to  Terehratella  septata,  on  aooount 
of  the  dark  line  they  exhibit  along  the  dorsal  valve,  from  the 
umbo  to  about  the  middle  of  the  valve,  which  indicates  the 
internal  presence  of  a  septum,  which  Terehratula  ephenoidea  does  not 
possess.  Sig.  Michelotti  states  likewise  that  he  has  found  it  at  La 
Bonetta,  in  Piedmont  T,  ephenoidea  occurs  abundantly  in  the  Older 
Pliocene  of  Messina  and  Calabria. 

IG.  Terehratula  Ravasendina  (Sequenza).  PL  XVII.,  Fig.  10.  Bra- 
chiopodi  Miocenici.  Annali  dell  Accad.  degli  aspiranti  Natuiali  di 
Napoli.  Third  series,  voL  vi,  pL  i.,  fig.  1,  2,  3,  and  pi.  ii.,  fig.  L 
1866. 

This  appears  to  be  a  good  species,  which  Sig.  Sequenza  describes 
as  intermediate  in  character  between  T.  ampulla  and  T  vitrea.  It 
is  a  compressed  shell,  with  a  broad,  slightly  prominent,  and  flattened 
mesial  fold,  and  has  been  well  described  and  illustrated  by  Sequenza 
from  a  superb  series  of  specimens  collected  by  the  Cav.  Bovasenda 
from  the  Middle  Miocene  near  Gasale,  Baldissero ;  and  Termo-Fouia 
near  Turin. 

17.  Terehratuh  Galeottina  (Dav.),  PL  XIX.,  Fig.  6,  7. 

Shell  small,  ovate,  longer  than  wide,  rounded  laterally,  nearly 
straight  in  front  Ventral  valve  convex,  somewhat  carinated  along 
the  middle,  beak  small,  incurved  and  truncated  by  a  large  foramen- 
Dorsal  valve  moderately  convex,  much  less  deep  than  tie  opposite 
valve,  flattened  or  slightly  depressed  near  the  front.  Surface  smooth, 
or  rather  faintly  marked  with  fine  radiating  strisB.  Shell  punctures 
rather  large.  Interior  not  known.  Length  6,  width  6J,  depth 
3  lines.     This  species  differs  from  T,  minWf  witli  which  it  may  be 
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letimes  oonfonnded,  in  having  a  aliglit  depression  near  the  front 
ts  dorsal  Yalre,  while  in  T.  minor  this  same  portion  of  the  valye 
artly  conyex.  It  was  found  by  the  Cav.  Bovasenda  in  the  Middle 
K)ene  of  Qassino,  on  the  Po,  near  Turin. 

a  Tm-ebraiuh  Mioeeniea  (Miohelotti),  PL  XYIH,  Fig.  6.  Pr^ 
[a  Faone  Miocene  de  la  Haate  Italie.  Harlem>  1847,  pL  xvi., 
1. 

know  very  little  about  this  species,  it  bears  some  resemblance  to 
nireaf  but  has  a  large  foramen.  It  ooours  in  the  Middle  Miocene 
3aTi  and  of  Serraycdle  di  Scriyia. 

9.  Terehraivla  aneeps  (Michelotti),  PL  XVIU.,  Fig.  7.  Same  work 
ibove,  pL  xyi,  fig.  3. 

Tory  little  satis&ctory  seems  to  be  known  with  reference  to  this 
oies ;  Sig.  Midielotti  states  it  to  be  inequilateral  and  oblique; 
may  this  not  be  due  to  malformation  or  to  the  imperfect  state  of 
specimens  ?    It  is  said  to  be  rare,  and  to  occur  in  the  Upper 
Mene  of  St.  Agata  near  Tortone,  in  Piedmont 

10.  TerehraMaf  Bayaniana  (Day.),  PI.  XVII.,  Kg.  17. 

Shell  small,  obtusely  fiye-sided,  slightly  longer  than  wide,  broadest 
nt  the  middle,  straight  in  front  Yalyes  moderately  conyex, 
tened  along  the  middle  with  a  slight  depression  towards  the  front ; 
k  small,  incuryed  and  truncated  by  a  circular  foramen  lying  close 
lie  umbo  of  the  dorsal  yalye.  Surface  smooth,  marked  with  a 
'  concentric-  lines  of  growth.  Interior  not  known.  Length  4, 
adth  3|,  depth  2  lines. 

diis  small  species  much  approaches  by  its  shape  to  some  examples 
Valdh.  tamarinduSj  but  has  not  the  curved  frontal  line  so  generally 
eryable  in  the  Cretaceous  species.  It  was  found  by  M.  Bayan  at 
;ca,  along  with  Bh.  Bolcensis  and  Bh,  polt/marpha,  in  a  friable 
Lowish  tufa  (his  stage  G).  and  which  would  be  perhaps  a  little 
her  up  in  the  geological  scale  than  are  those  beds  which  at 
lea  contain  Ter.  ^manensis.    It  belongs  to  the  Eocene  period. 

11.  Terebrattda  Sequentiana  (Day.),  PL  XYII.,  Fig.  19,  19a.  Shell 
tte,  or  longitudinally  oval,  widest  about  the  middle,  sides  and 
at  rounded,  dorsal  yalye  conyex,  most  so  along  the  middle, 
itral  yalye  slightly  deeper  than  the  dorsal  one,  with  a  median 
rression  or  concaye  sinus  commencing  at  about  tiie  middle  of  the 
ye  and  extending  to  the  front ;  beak  small,  incuryed  and  trun- 
ed  by  a  circular  foramen.  Surfeu^e  marked  with  numerous  close, 
;  slightly  yisible,  longitudinal,  radiating  strisB,  which  are  here  and 
re  crossed  by  concentric  lines  of  growth*  A  large  specimen 
asnred :  length  7,  width  5,  depth  4  Imes. 

rhis  species  is  remarkable  on  account  of  its  oyal  shape  and  con- 
e  depression  towards  the  front  of  its  yentral  yalye,  but  especially 
from  the  numerous  small  radiating  striee  which  ornament  its  sur- 
B.  Sig.  Meneghini  and  M.  fiayan  consider  it  to  be  referrible 
the  highest  bed  of  the  Eocene,  while  Sig.  Michelotti  and  M. 
amouer  would  place  it  at  the  base  of  the  Lower  Miocene.  It 
nrs  at  Crosara  near  Lugo,  and  at  Brendola  m\ik  NummvX%U%^ 
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Ofhitiodes,  eta  M.  Bayan  found  it  in  his  stages  F  and  G»  along 
with  Rh,  BoUmis,  in  liie  bed  of  the  Laverda.  It  is  quite  distinct 
from  Terehratulina  tenuiatriaia  (Leymerie),  with  which  it  has  been 
sometimes  confounded. 

22.  Terebratula  Giiueardiana  (Seqnenza),  PL  XVIIL,  Fig.  9.  Sicilian 
Brachiopoda.  voL  L,  Memorie  della  Sodeta  ItaUaaa  di  SoieiiBe  Na- 
tural!, pi.  iv.,  fig.  6,  7,  1866. 

This  is  a  very  remarkable  cuneiform  shdl,  being  broadest 
anteriorly,  rounded  in  front,  and  tapering  to  the  besik.  The  valves 
are  almost  equally  deep  and  bent  inwards  round  the  border,  so  that 
in  old  iudividuals  there  is  a  deep  indentraw  all  round  the  margin. 
The  surface  is  strongly  marked  by  prominent  oonoentrio  lines  of 
growth,  and  radiating  zig-zag  raised  Unes.  The  foramen  is  large 
and  the  beak  scarcely  incurved.  It  occurs  in  the  Lower  PUooene 
(Zancleano)  of  Messina^ 

(7b  ie  eontimted.) 
EXPLANATION  OF  PLATES  XVIL  AND  XTIIL 

PL4TB  XTn. 

Figs.  1, 2.  Terebratula  bisinmia  (Lam.),  Eocene,  Bolos,  eolleotioii  ef  1^.  Mene- 
ghim. 

8.  Terebratuh  tinuota  (Brocc\d  ?),  Eocene,  Bellnno,  same  collection. 

4,  5.  Waldh^mia  mianonia  (Meneg.)  MS.,  Eocene,  St  Jean  Hilarione,  aame 
collection. 
6,  7,  8.  Terebratula  FumatmmB  (Menee.),  Sp.,  Eocene.     6.  Mus.  ETcoledei 
Mines,  from  the  Zovo  di  Castcdveccbio.    7,  8.  From  Fiunano,  Mas.  U 
Pisa. 

9.  Terebratula  hipUeataformu  (Schauieth),  Eocene,  Novala,  after  Schanroth's 

figures,  Mus.  of  Coburg. 

10.  Tei'ebratula  ^Rosavendiana  (Scq.),  Miocene,  Boaignano,  etc,  collection  of 

Sig.  Rovasenda. 

11.  TerebraUda  vitrta  (Born),  Pliocene,  Messina. 

12.  Teribratula  tliipiiea  (Seq.),  Older  Pliocene,  near  Messina,  after  Sequensa. 

13.  Terebratula  Benoiidana  (Seq.),  Older  Pliocene,  after  Sequenza. 

14.  Terebratula  minor  (Philippi),  Pliocene,  near  Messina. 

1'5.  Terebratula  orbioulata  (Se<^),  Older  Pliocene,  Messina,  after  Sequenxa. 

16.  Terebratula  ephenoidea  (Phiuppi),  Older  Pliocene,  Messina. 

17.  Terebratula  Bayaniana  (Day.\  Eocene,  Bolca,  Mus.  of  the  E'cole  des 

Mines,  Paris.     17a  enlargea. 

18.  Terebratula  Meneghiniana  (Seq.),  Lower  Pliocene,  near  Messina. 

1 9.  Terebratula  Sequenziana  (Bar.),  Eocene,  Crosara.    19a  enlarged. 

PLATE  xviu. 

1,  2.  Terebratula  grandU  (Blum.)     1.  Older  Pliocene,  Messina.    2.  Pliocene, 
Tuscany.     Collection  of  Siff.  Meneehini. 

3.  Terebratula  einuosa  (Brocchi),  figure  taken  from  the  Encydop^die  M6tho- 

dique,  pi.  239,  fig.  3. 

4.  Terebratula    sinuosa,    Middle  Miocene,  Baldissero,    ooUeotion  of  Sig. 

Bovasenda. 
6.  Terebratula  Pedemontana  (Lamarck),  Upper  Miocene,  Tuscany,  frt>m  the 
type  in  the  Museum  of  the  Jardin  des  rlantes. 

6.  Tereiratula  mioeeniea  (Michclotti),  Miocene,  Gayi,  after  Michelotti. 

7.  Terebratula  aneept  (Michelotti^,  Upper  Mioo^e,  St  Aj^ta,  after  Michelotti 

8.  Terebratula  Miehdottini  (Seq.),  X^per  and  Lower  PliocNene,  Messina. 

9.  Terebratula  Quiseardiana  (Seq.),  Lower  Pliocene,  Memna. 
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I. — Oh  ram  Pbdcsyal  Biyxiui  of  Bsitaik.^ 

By  T.  BxTFXBT  JoHiB,  F.G.S.,  Frofeoor  of  Geology,  etc,  Boyal  Military  College, 

Sandhuni. 

fllHE  geological  action  and  results  of  rain  and  riyers  may  be  easily 
X  recognized  by  even  casual  observers.  The  muddy  waters  of  a 
day  country  after  showers,  and  the  numerous  little  deltas  of  rain- 
washed  grit  and  mud  on  the  slopes  of  roads  and  fields  where  sandy 
soil  abounds,  attest  the  action  of  the  rain  in  removing  earthy  material 
from  a  higher  to  a  lower  level,  under  ordinary  circumstances.  The 
powerful  action  of  torrents  suddenly  chaiged  with  melted  snow  or 
with  tropical  rain^.  or  locally  flooded  by  a  bursting  water-spout,  is 
well  known,  and  can  be  likened  only  to  the  devastating  agency  of  a 
broken  reservoir,  such  as  those  of  Huddersfield  and  Sheffield.  In 
all  cases  mud,  sand,  and  shingle,  together  with  drifted  timber,  herbage^ 
leaves,  and  water-plants,  bones  and  carcases,  insects,  shells  of  land 
and  water  molluscs,  and  other  organic  remnants,  are  slowly  or  sud- 
denly moved  down-stream, — ^laid  down  here,  stirred  up  and  pushed 
forward  there, — ^buried  deeply  at  one  place,  ceaselessly  drifted  to  and 
fro  at  another ;  and  such  changes  go  on  until  the  river-plain,  having 
been  made  level  by  marsh-deposits,  and  excavated  repeatedly  along 
the  wandering  lines  of  the  river's  changing  course,  extends  seaward ; 
and  the  delta  pushes  out  even  into  the  sea,  which  takes  more  and  more 
of  the  mingled  detritus  for  its  share,  laying  it  down  in  the  deeps  and 
the  shallows  with  a  seemingly  capricious  irregularity,  which  is,  really, 
recognizable  order,  dependent  on  the  gravity  of  particles  and  the 
force  and  direction  of  tides  and  currents. 

By  its  alluvium,  or  deposits  of  gravel,  sand,  and  mud,  often  black- 
ened with  peat  or  chaiged  with  shells  and  bones,  the  river  keeps  an  im- 
perfect record  of  its  work,  as  a  carrying  agent,  in  removing  the  ruins 
of  the  higher  ground,  whether  reduced  by  the  chipping  frost  and  the 
grinding  glacier,  by  the  soaking  mists  and  sapping  springs,  by  the 
washing  rain  and  raging  torrents,  or  by  all  of  these,  assisted  by  the 
slow  and  sure  decomposing  power  of  carbonic  acid.  As  a  red  river 
runs  from  red  grounc^C  so  does  a  muddy  river  come  from  clay  ground, 
and  a  hard- water  river  from  limestones.  The  shingle  of  slate  or 
quartz-rock,  of  granite  or  mica-schist,  of  sandstone  or  limestone,  bears 
direct  evidence  of  its  local  origin ;  and  the  sand  from  old  sandstones, 
from  the  quartz  of  granite  newly  rotted,  or  from  the  frost-bitten 
quartz-rock,  still  shows  traoes  of  its  birth-place.  Whether  in  lakes 
or  seas,  such  detritus  tells  of  its  former  belongings,  and  is  subject  to 
unchangeable  laws  of  deposition  and  arrangement  Clay  may  have 
been  fine  mud  derived  directly  from  the  decomposition  and  degrada- 
tion of  felspathic  rocks,  or  from  the  wear  and  tear  of  day-slates, 
shales,  and  other  argillaceous  rocks;  but  in  any  case  the  river  carries 

^  Beisff  the  enbetimce  of  a  leotare  giyen  at  Southerndown,  July  20th,  1869. 
Bepriatea  from  the  Prooeediogs  of  the  Cardiff  Natoralist'a  Society. 
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it  in  suspension  until  the  onrrent  is  oheoked  in  the  still  water  of  a 
lake,  or  of  a  broad  reach  or  bend  of  the  river,  or  in  the  sluggish 
delta-streams  where  they  commingle  with  the  sea.  And  eyen  here 
the  sweeping  tides  may  drive  on  the  clay-stained  waters  for  many  a 
league,  until,  transferred  to  the  quiet  of  a  land-locked  bay,  they  drop 
their  sediment,  or,  borne  out  to  depths  where  nothing  else  can  reach 
but  drift-wood  and  floating  shells  from  shore,  it  slowly  sinks  among 
the  creatures  of  the  deep. 

Where  clay  has  settled  near  a  river's  mouth,  it  is  often  associated 
with  the  decaying  marsh-plants,  drifted  trees,  and  the  water-logged* 
leaves  of  successive  autumns.  Where  rain-floods  and  freshets  of 
snow-wat^r  have  periodically  deluged  the  river's  course,  the  sediment 
will  include  the  carcases  and  bones  of  drowned  land  animals,  and 
the  mud-choked  water-creatures  that  lived  at  and  near  its  mouth. 

What  rivers  do  now  they  have  always  done,  since  the  land  b^an 
to  be  drained  of  atmospheric  waters  along  the  cracks  and  crevices  of 
the  strata,  and  the  old  creeks  and  arms  of  the  retiring  seas.  Whether 
the  ground  was  left  by  the  sea  as  flats  and  table-lands,  planed  hori- 
zontally by  "marine  denudation,"  or  still  rugged  with  the  inequalities 
of  crumpled  strata  crushed  upwards  by  the  contracting  crust,  the  air, 
rain,  snow,  and  frost  have  had  to  reduce  the  elevated  and  to  fill  up 
the  hollow  surface.  And  amidst  the  many  changes  that  this  ter- 
raqueous globe  has  suffered  (changes  due  mainly,  perhaps,  to  the 
reaction  of  internal  heat  on  a  cooling  and  contracting  crust,  with  its 
shifting  loads  of  water-borne  sediments),  such  varied  deposits  as 
those  of  everchanging  river-systems,  rising  in  the  high  lands,  lifted 
up  in  each  successive  period,  and  depositing  their  loads  of  mud  as 
stratified  sediments  in  the  corresponding  water-areas,  were  always 
being  made  and  often  swept  away  again,  but  sometimes  buried  under 
other  strata  and  kept  as  part  of  the  stratified  series,  as  we  see  it  now. 

The  characteristic  sign  of  fluviatile  and  lacustrine  strata  have  been 
indicated  above,  and  tlie  kinds  of  shells,  such  as  Paludina,  ZimnentSf 
FlanorhiSj  Cyrena,  Cycl<is,  Unto,  AnodoUf  etc.,  are  well  known.  So  also 
Cypris  and  Estheria  among  the  low  Crustacea  have  left  their  carapace- 
valves  in  the  silts  of  fresh  or  brackish  waters.  Fishes  are  not  good 
witnesses ;  for  many  genera  and  even  species  of  fish  inhabit  both 
rivers  and  sea,  and  may  be  imbedded  in  the  mud  of  either.  Accumu- 
lations of  vegetable  matter  (especially  land  plants)  are  more  likely  to 
occur  in  lakes  and  rivers  than  in  the  sea ;  and  the  skeletons  of  land 
animals  get  dissipated  as  separate  bones  in  most  instances  before  they 
reach  the  sea.  In  Shells,  Corals,  and  Encrinites  we  have  the  best 
criteria  for  judging  of  the  origin  of  strata.  There  are  fossQ  beds  of 
shells,  such  as  Paltdina,  that  are  never  known  to  live  in  the  sea ;  and 
there  are  others,  as  Ostrea,  that  flourish  only  in  salt  water,  though 
some  individuals  may  have  a  struggling  existence  in  brackish  estuaries. 
Others,  as  Venus  and  Turritsllay  are  sea-shells.  Of  Entomostraca, 
Cythere,  Bairdia,  Leperditia,  and  others  are  habitually  marine.  Of 
Corals  there  are  none  that  live  in  rivers  or  lakes;  and  all  fresh  waters, 
too,  are  destitute  of  Echinoderms,  whether  Starfishes,  Encrinites,  or 
other  forms,  as  well  as  of  Foraminifera,  the  microzoa  so  abundant  in 
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the  fossil  state.  Take  limestones  (a  various  group,  comprising  ohalk, 
oolite,  common  limestone,  and  marble),  with  the  exception  of  a  few 
that  have  originated  from  the  chemical  arrangement  of  carbonate  of 
lime,  as  travertine,  all  have  been  made  up  of  organic  remains,  namely, 
the  calcareous  shell  or  crust,  or  other  support  of  some  of  the  creatures 
above  mentioned — mostlv  Shells,  Corals,  Encrinites,  and  Foramini- 
fera ;  and  only  occasional  bands  of  limestone  made  of  fresh-water 
shells  (Paludina,  Cyrena,  etc.)  are  found.  They  tell,  however, 
plainly  of  their  local  origin,  and  are  associated  with  equally  powerful 
and  distinct  witnesses  of  the  extent  and  influence  of  rivers  and  lakes 
deltas  and  lagoons,  at  many,  if  not  all,  periods  of  the  earth's  history. 

The  chief  examples  of  such  evidences  as  are  retained  among  the 
known  strata,  in  different  parts  of  the  world,  will  now  be  noticed  in 
a  brief  review  of  the  several  great  groups  of  geological  formations. 

The  oldest  known  strata  are  the  Laurentian,  formerly  involved  in 
the  little  understood  mass  of  old  schists,  slates,  and  gneiss  lying  below 
the  Cambrian  rocks,  but  of  late  years  disentangled  by  Logan  and 
others,  and  recognized  as  crumpled  beds  of  masked  and  altered  sand- 
stones, shales,  and  limestone,  such  as  constitute  any  of  the  later 
formations.  They  contain  also  some  thin  bands  of  graphite ;  and  if 
this  be  altered  coal,  that  was  accumulated  (like  the  later  coal)  in  salt 
marshes  and  lagoons,  the  existence  of  land  and  its  concomitant  con- 
ditions is  indicated  thereby.  In  other  respects  the  Laurentian  strata 
appear  to  be  of  truly  marine  origin,  with  shingle  and  sand-banks  of 
the  coasts,  and  calcareous  formations  of  the  deep  water. 

The  Cambrian  rocks  have  not  yet  presented  evidence  of  the  ex- 
istence of  rivers  or  lakes.  Land,  however,  there  was ;  for  sand-banks 
under  tidal  influence  were  rippled  and  sand-cracked,  drilled  and 
furrowed  by  shore-worms  and  small  crustaceans,  and  pitted  by  rain- 
drops. They  imbedded  here  and  there  the  sea- weeds,  and,  if  some 
decide  truly,  land  plants  also  (Eophyton).  The  Silurian  strata  are  also 
wholly  of  marine  origin  as  far  as  is  known ;  but  in  the  uppermost 
formation  (the  Passage-beds  or  Ledbury  Shales)  land  plants  were 
brought  into  the  shallows  or  estuaries,  possibly  by  streams,  and 
remain  for  us  to  examine  as  twigs,  branches,  spore-cases  of 
Lycopodiaceous  plants  {Lycopodites,  Pachi/theca  aphcerica).  These 
Passage-beds  lead  us  into  the  Old  Red  Sandstones  of  Herefordshire 
and  Scotland;  and  for  these  Mr.  Oodwin- Austen  has  strongly  argued 
a  freshwater  origin.  That  freshwater  conditions  did  predominate 
when  a  part  at  least  of  the  Old  Red  of  Caithness  was  formed,  the 
multitudes  of  Eatheria  membranacea  attest ;  and  Anodon  Jvkesii  in  the 
Upper  Old  Red  of  Ireland  speaks  of  similar  conditions.  Wide  regions 
were  certainly  occupied  then  as  forest-land  and  by  jungle-growth, 
with  Conifers  and  Cryptogams,  whence  originated  the  plant-beds  of 
New  Brunswick  and  the  coal  of  Gasp^.  Coniferous  trees,  too,  were 
not  wanting  in  the  Scottish  area ;  and  in  either  case  were  probably 
washed  down  by  rivers  to  the  salt-marshes,  with  the  sand,  mud,  and 
vegetable  debris  that  form  the  associated  sandstones  and  shaly  layers. 

On  a  still  larger  scale  the  succeeding  period  witnessed  the  action  of 
rain  and  rivers.      These  nourished  a  rich  vegetation  and  swe^t  it 
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away,  to  be  buried  beneath  like  material  agaia  and  again,  jnng^  on 
jungle,  time  after  time,  as  the  lagoon  beoame  a  manh,  the  maah  a 
forest,  the  forest  a  ruin  of  trees,  silted  up  with  river  mad,  and  buried 
beneath  sea  sand,  but  suooeeded  again  by  marsh,  and  soil,  and  trees. 
The  streams  played  their  part  in  this  old  land.  It  vraarioh  with  trees 
and  ferns,  and  the  great  congeners  of  our  small  club-mosses  and 
horsetails,  and  fumidied  with  land-snails,  myriapods,  arachnids,  and 
insects  in  abundance ;  reptiles  too,  great  and  various^  were  theie, 
and  possibly  birds  and  mammals.  The  stream  cutting  through  the 
older  beds  of  peat  and  the  coal  brought  down  the  tribute  of  the  hig^ 
ground,  flooded  the  forests  and  gradually  filled  the  sunken  areas. 
Basins  also,  barred  off  horn  the  sea  by  shingle  banks,  were  thus  made 
into  brackish  lagoons,  full  of  marsh-plants,  and  alive  wi&  reptile, 
fish,  crustacean  and  mollusc,  that  made  the  foul  water  and  black  mud 
their  home. 

In  the  '' Bothliegende "  of  the  Permian  Series  we  again  find 
Esiheria  and  Dreissena-like  Molluscs  that  indicate  brackish  habitats. 
The  Permian  breccia  of  Worcestershire  has  been  referred  to  a  glacier 
for  its  origin ;  and  so  also  some  of  the  conglomerates  of  the  Old  Bed 
series,  and  even  of  the  Cambrian,  have  been  thought  to  have  origi- 
nated in  such  an  ice-river  of  the  ancient  lands. 

In  the  New  Bed  Sandstone  series  of  Germany  the  shaly  coal,  called 
" Lettenkohle,"  is  of  fresh-water  origin;  and  the  same  EMiheria 
minuta  that  abounds  therein  occur  also  in  the  "  Keuper "  or  Upper 
New  Bed  of  Worcestershire,  with  fragmentary  plant-remains.  In 
the  succeeding  BhsBtic  strata  the  influence  of  occasional  rivers  and 
lakes  is  seen  in  the  drifted  land  plants  and  insects,  and  the  interpo- 
lated Estherian  beds  of  Oloucestershire,  Somersetshire,  and  else- 
where. The  Lias  of  the  Banat  (Austria)  has  abundance  of  terrestrial 
plants,  forming  a  coal ;  but  here  in  the  west  the  fossQ  trees  and 
leaves  of  the  Lias  are  but  waifs  and  strays,  and  were  washed  to  sea 
with  the  bones  of  the  great  SceUdosauruB ;  and  the  sudden  river 
floods  must  have  killed  by  the  million  successive  generations  of 
fishes.  Ammonites,  and  Bclemnites,  and  buried  them  in  thick  now 
mud,  together  with  the  unhurt  carcases  of  the  associated  Ichthyo- 
saur  and  Plesiosaur.  These  last  have  their  skin  and  bowels  intact ; 
the  molluscs  were  imbedded  with  the  animal  in  the  shell,  and  the 
cuttles  retain  even  their  inkbags  unemptied,  for  death  was  quicker 
than  their  fear.  Molting  snow  produces  such  sudden  floods  in  tem- 
perate climates,  and  the  monsoons  on  the  eastern  coast  of  India  sup- 
ply such  abundance  of  fresh  water,  as  to  kill  the  sea-fish  in  myriads. 

During  the  time  that  the  Oolitic  formations  were  being  laid  down, 
some  rivers  ran  into  the  sea  from  the  west  (the  direction  that  all  the 
older  rivers  also  had  in  this  region  probably,  as  the  old  land  lay 
where  the  North  Atlantic  and  parts  of  North  America  are  now),  and 
we  find  traces  of  their  influence  in  the  Brora  coal  and  the  Moorland 
coal  of  Yorkshire,  and  further  south  in  the  plant-bearing  sandy 
shales  of  OoUyweston,  and  in  somewhat  similar  laminated  oolite  at 
Stoncsfield.  In  the  last-named  beds,  which  supply  a  roofing-stone, 
bones  of  land  ^nimalR  have  long  been  known  to  occur,  especially  the 
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lower  jaw-bones,  snoh  as  fall  off  from  floatmg  carcases  in  rivers,  as 
Dr.  Buckland  pointed  out  to  be  the  case  with  dead  dogs  washed 
down  towards  the  mouth  of  the  Thames.  .  The  Megaiosawrw  then 
lived  upon  the  land,  as  we  know  by  his  bones  having  been  washed 
into  the  neighbouring  sea. 

When  we  examine  the  Purbeck  strata,  lying  on  the  Portland 
Oolite,  we  find  thick  beds  of  limestone  formed  of  shells  that  lived  in 
lake  and  estuary ;  and  in  one  particular  bed,  mis-named  a  "dirt-bed," 
but  really  an  old  lake-deposit,  hundreds  of  bones  have  been  found  by 
Messrs.  Beckles  and  Brodie,  that  belonged  to  the  land  mammals  and 
reptiles  of  small  size  and  various  kinds,  herbivores,  carnivores,  and 
insectivores.  The  river-system  that  gave  rise  to  the  Purbeck  beds 
came  from  the  west,  as  did  the  older  rivers  from  the  old  land ;  and 
it  continued  in  a  modified  form,  and  made  the  delta-beds,  mud-banks, 
sand-shoals,  and  lagoon-deposits,  sometimes  full  of  vegetable  matter, 
that  are  known  as  the  Wealden  formation.  The  Megalosanr  lived  on, 
with  the  Ignaaodon,  Hylasosaur,  and  other  monster  reptiles  of  the 
times ;  and  they  not  only  left  their  drowned  carcases  as  evidences  of 
their  existence,  but  their  foot-tracks  remain  on  the  marshy  banks 
now  converted  into  sand  and  clay ;  and  these  are  often  full  of  Palu' 
dina^  CydaSy  Unio,  and  other  such-like  shells,  with  ferns  and  cycads, 
and  other  spoils  of  land  and  river.  Similar  deltas  and  lagoons  ex- 
isted in  Europe  and  America,  with  the  allied  or  analogous  inhabitants 
of  the  different  regions.  The  sea  again  asserted  its  dominion  over 
these  areas,  and  deposited  the  various  Cretaceous  strata,  until,  by  the 
silting  up  of  the  hollows,  and  by  local  elevations,  land  was  again 
formed,  with  its  marshes,  lakes,  and  rivers.  Of  these  the  lignites 
and  wonderfully-mammaliferous  strata  of  Nebraska  and  the  adjacent 
regions  bear  fidl  witness ;  and  the  South  of  France  is  said  to  have 
similar  passage-beds  between  the  Cretaceous  and  the  Tertiary  systems. 
Since  then,  that  is,  during  the  Tertiary  period,  and  until  now,  conti- 
nental areas,  the  nuclei  of  the  present  continents,  have  existed,  with 
varying  outlines  and  elevations,  and  with  glaciers  and  river-systems, 
which  have  left  numerous  fresh- water  formations.  The  Woolwich 
beds  are  the  oldest  of  these.  The  London  clay,  lying  on  the  last- 
mentioned,  was  the  mud  of  a  great  gulf,  receiving,  perhaps,  the  same 
river,  with  others,  draining  a  land  rich  with  a  sub-tropical  flora  of 
conifers,  palm,  spice-trees,  etc.,  and  stocked  with  crocodiles,  serpents, 
birds,  and  mammals.  A  modification  of  the  same  drainage  system 
afterwards  washed  the  Palaaothere  and  many  other  land  animals  into 
the  seas  and  lakes  of  the  subsequent  period,  as  we  see  in  the  Barton 
Cliffs,  in  the  Isle  of  Wight,  and  in  the  Paris  district ;  for  the  Num- 
mulitic  sea  came  and  went,  and  oscillations  of  the  land  changed  the 
levels,  and  fresh  water  alternated  with  salt  on  many  coasts.  The 
middle  Tertiary  times  had  a  still  more  chequered  scene  of  sea  and 
land  ;  for  bays,  straits,  archipelagos,  rivers,  lakes,  and  glaciers 
abounded.  The  Dinothere,  Mastodon,  and  other  land  animals,  great 
and  small,  and  a  characteristic  flora,  have  been  preserved  here  and 
there  in  lake-deposits  of  that  time,  often  in  beds  of  great  extent  and 
thickness. 
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In  later  Tertiary  times  the  world  had  muoh  the  same  oontinental 
oontonrs  as  at  present ;  but  with  vaciUations,  letting  in  the  Glacial 
and  Pluvial  periods,  when  ice  and  water  exerted  their  utmost  power 
in  modelling  the  northern  hemisphere  at  least,  and  produced  the  great 
banks  of  gravel,  and  coatings  of  boulders  and  day,  that  mask  so  much 
of  its  rooky  surface.  To  the  existing  deltas,  marshes,  turbaries, 
lakes,  glaciers,  and  river-systems,  with  their  often  subterranean 
streams,  we  need  only  refer  as  examples  of  the  natural  machinery  by 
which  fresh  water  acts  in  modifying  the  surface  now,  and  has  acted 
in  times  past,  as  shown  by  this  brief  sketch  of  the  prinueval  rivers 
of  Britain. 


n. — On  paljbocortnb  a  genus  of  Tubulabinx  Htdbozoa  fbom  the 

Gabboniferous  Fobmation. 

By  P.  M.  DuNGAK,  F.R.S.,  Sec.  Geol.  Soc.,  and  H.  M.  Jenkini,  F.G.8.,  Sec  Bojil 

Agric.  Soc 

(Phil.  Trans,  for  1869,  pp.  693-699,  pi.  Izri.) 

THE  remarkable  little  organism  which  forms  the  subject  of  this 
paper,  was  obtained  from  the  lower  shales  of  the  Csurboniferous 
limestone  series  of  Ayrshire  and  Lanarkshire,  so  rich  in  fossil 
Brachiopoda,  Polyzoa,  Orinoidea,  and  Madreporaria ;  and  was  found 
attached  to  the  margins  of  the  polyzoarium  of  Fenestella,  and  also 
in  a  detached  and  more  or  less  fragmentary  condition  amongst  the 
small  pieces  of  broken  Polyzoa,  and  Orinoid  stems  which  compose 
the  fossiliferous  layers  of  the  shales. 

The  base  of  Palaocoryne  was  expanded,  giving  rise  to  a  short 
robust  and  cylindrical  stem  fluted  and  punctated  on  its  surface,  and 
surmounted  by  the  body  of  the  polypito  from  the  upper  margin  of 
which  radiate  a  single  whorl  of  long  and  slender  tentacles.  On  the 
upper  surface  of  the  body,  a  crateriform  process  with  an  opening 
on  its  apex,  indicates  the  position  of  the  mouth. 

Its  external  investment  appears  to  have  been  calceireous,  covering 
the  whole  of  the  hydrozoon,  except  at  the  opening  for  the  mouth 
and  the  terminations  of  the  tentacles  which  had  probably  ciliated 
ends  projecting  beyond  the  periderm  or  polypary. 

This  is  an  almost  solitary  instance  of  a  Hydrozoon  having  a  hard 
periderm,  save  the  recent  genus  Bimeria^  discovered  on  the  West 
coast  of  Ireland  by  Dr.  T.  Strethill  Wright. 

The  Zoological  position  of  the  fossil  is  amongst  the  Hydrozoa  in 
the  order  Tubularidaa,  and  near  the  EudendridsB.  Two  species  are 
described  and  figured  by  the  authors  PahBocoryne  ScoUcum  and  P. 
radiatum, 

in. — ^Thk  Amebioan  Joubnal  op  Science  and  Abts,  Vols,  xlviii. 
AND  XLix.  Contains  the  following  communications  from  Prof. 
0.  C.  Mabsu,  of  Yale  College. 

I.  Notice  of  some  new  Mosasauroid  Beptiles  from  the  Greensand 
of  New  Jersey. — A  striking  difference  between  the  reptilian  fauna  of 
the  Cretaceous  of  Europe  and  America,  is  the  prevalence  in  the 
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former  of  remains  of  IckHk^onaww  and  P2eaiosaiir«f »  which  in  the 
latter  appear  to  be  entirely  wanting;  while  the  Mosasauroids,  a 
gronp  comparatiTely  rare  in  the  Old  World,  replace  them  in  the 
New,  being  represented  by  several  genera  and  nmnerous  species. 
Becent  explorations  in  the  Cretaceous  deposits  of  the  Atlantic  border, 
and  in  the  r^on  west  of  the  Mississippi,  have  resulted  in  the  dis- 
ooveiy  of  many  new  forms  of  this  peculiar  type  of  reptilian  life. 
Five  forms  are  described  by  the  author,  namely : — 

(1).  Jfo«aaaitrtt8  |>rtneep8.  Marsh,  sp.  nov.,  perhaps  the  laigest 
hitnerto  found,  and  when  entire  probably  represented  an  animal  not 
less  than  75  feet  in  length.  The  remains  are  in  excellent  preserva- 
tion, and  include  the  greater  portion  of  the  skull  with  the  maxillary 
teeth;  one  quadrate  bone,  one  mandible,  and  about  26  vertebrs, 
besides  several  bones  of  the  extremities. 

(2).  KLoiOBauTM  Copeanus,  Marsh,  sp.  nov.  represented  by  portions 
of  a  skull,  with  some  of  the  maxillary  teeth,  and  part  of  the  cor- 
responding lower  jaws,  including  the  anterior  extremity  of  the  left 
ramus,  eta  They  indicate  one  of  the  smallest  Mosasauroids  yet 
discovered,  and  one  very  distinct  from  any  hitherto  known.  These 
remains.  Prof.  Marsh  considers,  may  indicate  an  animal  about  25  feet 
in  length. 

(3).  Mqsasaurus  JSfetmt,  Marsh,  sp.  nov.  Indicated  by  the  crown 
of  a  single  tooth. 

(4).  Bapto8auru8  (Haliaaurus)  platyspondylm,  Marsh.  Founded 
on  a  posterior  cervical  and  an  anterior  dorsal  vertebra;  the  right 
splenial  bone,  and  a  small  portion  of  the  base  of  the  skull,  etc. ; 
indicating  an  animal  about  30  feet  in  length. 

(5)  Hcdisaurus  fratemw,  Marsh,  sp.  nov.,  established  on  an  an- 
terior and  two  posterior  dorsal  vertebraa.  The  vei-tebrsB  are  more 
depressed  than  are  those  of  Macrosaurus  loevis,  Owen,  or  Jf.  vdliduSy 
C!!ope,  and  indicate  a  smaller  animal  than  either  of  these  species, 
probably  25  or  30  feet  in  length. 

Prof.  Marsh  next  describes  a  new  and  gigantic  fossil  serpent 
(Dinophis  grandis),  from  the  Tertiary  of  New  Jersey. 

This  species  is  founded  upon  a  single  dorsal  vertebra,  somewhat 
injured  but  having  the  neural  arch  well  preserved.  Two  other 
fossil  Ophidians  have  already  been  described  by  Prof.  Cox)e,  under 
the  genus  PalcBophis,  namely.  P.  littoralia  and  P.  halidanus ;  these 
Prof.  Marsh  suggests  should  be  included  in  the  genus  Dinophis,  being 
very  distinct  from  Prof.  Owen's  genus  PalcBophia. 

n.  Notice  of  some  Fossil  Birds,  from  the  Cretaceous  and  Tertiary 
Formations  of  the  United  States,  By  Prof.  0.  C.  Marsh,  of  Yale 
College. — ^The  remains  of  Birds  described  from  European  rocks  are  at 

Present  limited  in  the  Mesozoic  to  the  famous  Archoeopteryx  of  the 
urassic,  and  a  single  species  only  from  the  Cretaceous  :  but  in  the 
Tertiary  period,  and  especially  in  the  Miocene  and  Pliocene,  this 
class  was  very  fully  represented  by  many  of  the  modem  types,  and 
numerous  species  have  already  been  described  by  European  PalsBon- 
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tologists.  In  Amerioa,  however,  mnoe  fhe  diaooveiy  that  the  three- 
toed  footprints  in  the  Conneoticnt  river  eandetone  were  probably  all 
made  by  Dinosanrian  reptiles,  no  species  of  birds  have  been  included 
in  the  extinct  fanna,  none  having  heretofore  been  described  from  any 
American  rock.  Recent  explorations,  however,  have  shown  that 
remains  of  this  class  are  not  wanting  in  the  later  fbrmations  of  the 
United  States,  and  that  the  Cretaceous  and  Tertiary,  espeoiallyy  con- 
tain representatives  of  many  interesting  forms. 

Bemaiiu  of  Cretaeeaua  Birds. — ^Among  the  fossils  mider  oonsiden- 
tion  are  specimens  indicating  five  species  of  Cretaceous  birds,  Ae 
remains  of  which  were  foond  in  the  Qreensand  of  New  Jersey,  and, 
with  a  single  exception,  in  the  middle  marl  bed.  Hie  specimens  are 
all  mineralised,  and  in  the  same  state  of  preservation  as  the  bones  of 
the  extinct  reptiles  which  occnr  with  them  in  these  deposits. 

The  remains  described  are  as  follows : — 

(1).  LaomU  Edoardaianua,  Marsh,  gen.  et  sp.  nov.  Shaft  and 
distal  extremity  of  a  left  tibia,  indicating  a  species  apparently  of  a 
swimming-bird,  nearly  as  large  as  the  common  wild  swan. 

(2).  PaltBotringa  littoralis,  Marsh,  gen.  et  sp.  nov. 

(3).  PcdcBotringa  vetus,  Marsh,  sp.  nov.  Hemains  apparently  of 
two  wading  birds ;  the  former  about  the  size  of  the  European 
Curlew,  the  latter  about  as  large  as  the  Hudsonian  Gk)dwit. 

(4).  TelmcUomis  prisew,  Marsh,  gen.  et  sp.  nov. 

(5).  TelmatorrUs  affinis,  Marsh,  sp.  nov.  The  remains  of  the 
former  indicate  a  bird  about  the  size  of  the  King  Bail,  those  of  the 
latter  of  a  bird  considerably  smaller. 

Bemains  of  Tertiary  Birds. — The  few  remains  of  birds  hitherto 
discovered  in  the  Tertiary  deposits  of  the  United  States,  naturally 
show  a  much  closer  resemblance  to  recent  species  than  those  from 
the  Cretaceous  formation. 

(1).  Puffinus  Conradi,  Marsh,  sp.  nov.  Discovered  in  the  Miocene 
of  Maryland,  by  T.  A.  Conrad,  Esq. 

(2).  Catarractes  antiquus,  Marsh,  sp.  nov.  Closely  resembling  the 
thick-billed  Guillemot :  found  in  Post-tertiary  Clays,  near  Bangor, 
Maine. 

(3).  Oru8  Haydeni,  Marsh,  sp.  nov.  From  the  later  Tertiary  beds 
of  the  Niobrara  river,  indicates  unmistakeably  a  large  species  of  the 
genus  Gru8  or  Crane. 

(4).  Graculus  Idahensis,  Marsh,  sp.  nov.  The  species  represented 
by  tliis  fossil  appears  to  have  been  related  to  the  Cormorants,  and 
has  been  placed  provisionally  in  the  genus  Grctctdua,  This  bird- 
bone  was  obtained  from  a  freshwater  Tertiary  deposit,  probably  of 
Pliocene  age,  on  Castle  Creek,  Idaho  Territory,  west  of  the  Hocky 
Mountains. 

In  conclusion,  Prof.  Marsh  mentions  that  he  has  just  received 
from  Prof.  F.  V.  Hayden  the  distal  portion  of  a  feather  with  the 
shaft  and  vane,  preserved  from  a  freshwater  Tertiary  deposit  of  the 
Green  River  group,  Wyoming  Territory. 
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IV. — ^Bboobdb  of  thb  OaoiioaiOAL  Subtkt  of  Ihbia. 

YoL  m.    Furt  1.    February.  1870.— (Cbfi^tniMf  frwm  p,  841.) 

r[S  Part  of  the  Beoords  oontains — ^in  addition  to  Dr.  Oldham^B 
ATinnaT  Beport  noticed  in  our  last  number — ^p.  339, 

2.  Not$9  an  the  Geology  of  the  Nnghhowrhood  of  Madroi.    Bj  B.  Bmoe 

Foote,  Esq. 

The  district  under  consideration  lies  to  the  north  of  the  river 
Palar,  and  south  of  the  Policat  lake.  The  topographical  features 
are  simple :  the  ground  rises  from  the  coast  west^frard  in  a  gradually 
inclined  plane,  yaried  only  by  the  shallow  valleys  of  the  Namave- 
ram,  Gortelliar  and  Palar  rivers,  and  in  the  soath-eastem  comer  by 
a  nnmber  of  low  hills.  Booghly  speaking,  the  liorthem,  central, 
and  south-westeni  parts  of  this  area  are  occupied  by  stratified  rocks, 
the  southern  and  south-eastern  by  metamorphic  rocks.  The  follow- 
ing is  a  table  of  the  rocks  noticed  in  the  neighbourhood : 

nacAnt      d  (  ^^^^'^'^  sands. 

Q^.      ^"^   I  Alluvium,  marine,  and  fluviatile. 

yua   maiy.  ^  La|j^pj^  ^n^  Conjeveram  gravels. 

Tertiary.    Oritty  sandstones.  (?  Ouddalore  sandstones.) 
Q^   ,        ( (Cretaceous,  not  yet  known  in  the  area). 
Beconaary.  |  j^j^j^  Bajmahal  plant-beds. 

Sub-metamorphia    Cuddapah  group.     (Quartzite  rocks). 
Metamorphia    Gneissic  series. 

The  Laterite  deposits  comprise  clayey  conglomerates,  gravels,  and 
sands,  which  graduate  one  into  the  other.  They  rarely  attain  a 
thickness  of  ll  feet.  They  are  scattered  over  the  higher  grounds 
between  the  river  valleys,  and  have  evidently  been  separated  by 
denudation  into  patches,  some  of  small  size,  others  attaining  one  and 
two  hundred  square  miles  in  extent  The  laterite  gravels  contain 
pebbles  of  quartzite  and  gneiss,  mixed  with  pisiform  ferruginous 
pellets. 

The  Cof^weram  gra/oeh  occupy  similar  positions  to  the  lateritic  de- 
posits, but  they  differ  from  these  in  the  absence  of  ferruginous 
matter.  Both  appear  to  contain  implements  of  human  manufacture, 
in  the  shape  of  axes  and  spear-heads  made  of  chipped  quartzite  peb- 
bles, and  of  the  same  types  as  those  which  occur  in  the  gravels  of 
Western  Europe. 

The  Bajmahal  hed»  consist  of  conglomerates,  sandstones,  gritty 
clays,  and  shales.  Numerous  plant  remains  have  been  found  in  some 
of  the  clay  beds,  and  particularly  in  a  white  shale.  These  remains 
include  PakBo%am%a,  BtetyopUris,  Taxodites  (?),  Pteraphyllum,  Taniop- 
teris  (?),  Stony eriUi,  Pecopteru^  Lyeopodium  (?),  and  Paaeites.  Several 
genera  of  Mollusca  have  likewise  been  obtained  from  these  beds ;  they 
include — besides  several  small  Ammonites — Leda,  Yoldia,  Tellina^ 
Peammohia  Lima,  Peeten,  etc. 

3.  On  the  Alluvial  Depoiits  of  the  Irawddi,  more  particularly  as  con- 

traeted  with  those  of  the  Ganges.     By  W.  Theobald,  Jun.,  Esq. 

In  every  large  river  basin  two  distinct  alluvial  deposits   f^ill 
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generally  be  met  with.  The  older  of  these  may  be  either  marine 
(estiiary)  or  fluviatile  (lacuBtrine),  or  of  a  mixed  and  alternating 
charaoter,  but  the  newer  group  is  essentially  flayio-lacustrine,  and 
directly  produced  by  the  existing  river.  Whilst  no  very  great  Uiick- 
ness  of  the  newer  deposit  can  anywhere  have  been  deposited  without 
a  corresponding  subsidence  of  the  area,  a  very  large  aooumolation  of 
the  older  or  estuarine  deposit  may  have  taken  place  during  an 
elevation  of  the  area  covered  by  it 

Every  river  that  discharges  its  waters  into  the  sea,  does  so  under 
a  condition  either  of  subsidence,  of  quiescence,  or  of  elevation,  and 
to  what  extent  this  condition  influences  the  character  of  the  depouts 
as  well  as  the  physical  peculiarities  of  the  delta,  Mr.  Theobald  en- 
deavours to  illustrate  by  the  Irawadf,  and  the  contrast  which  its 
delta  presents  to  that  of  the  Ganges. 

These  two — ^the  Gkmges  and  Iraw&di — present  examples  of  rivers 
subjected  to,  respectively,  the  first  and  last-named  conditions.  At 
Fort  William  boring  operations  for  an  artesian  well  showed  70  feet 
of  the  newer  (Gangetic)  alluvium,  resting  on  the  denuded  surface  of 
the  kunker  clay,  which  is  indicated  by  the  rolled  kunker  pebbles 
found  at  the  junction.  The  author  regards  the  kunker  clay  as  an 
estuarine  depobit  (the  older  alluvium)  accumulated  during  an  upward 
movement  of  the  land.  It  is  a  stiff  clay,  of  a  homogeneous  character, 
and  of  a  mottled  yellow  or  pale  buff  colour,  reddening  by  exposure. 
The  kunker  is  disseminated  through  the  clay,  sometimes  in  well- 
defined  nodules,  more  often  in  irregular  stringy  courses. 

The  newer  alluvium  comprises  a  very  varied  series  of  beds  directly 
deposited  by  the  waters  of  the  Ganges  or  its  tributaries.  They  con- 
sist of  sand  sometimes  dark  brown,  at  others  a  dazzling  white,  with 
several  beds  of  peat  It  is  at  once  an  extensive  and  important  group 
deposited  within  the  trough  excavated  by  the  Ganges  in  the  older 
clay,  or  filling  up  such  low-lying  tracts  as  receive  the  floc^d-waters 
of  the  Ganges  during  its  annual  inundations.  Mr.  Theobald  is  of 
opinion  that  the  area  is  imdergoing  depression  at  a  rate  wliich  is 
adequately  counterbalanced  by  the  accession  of  Gangetic  sediment 
on  the  surface. 

Mr.  Theobald  then  compares  the  alluvial  deposits  of  the  Ganges 
valley  with  those  of  the  Irawadi,  prefacing  the  subject  with  a  few 
remarks  on  the  physical  character  of  the  country,  which  presents 
some  peculiar  features. 

The  alluvium  of  the  Irawadi  belongs  almost  entirely  to  the  older 
group,  and  the  cause  of  this  is  attributed  to  the  fact  that  the  delta 
of  this  river  is  at  the  present  time  in  precisely  the  same  condition  as 
was  the  delta  of  the  Ganges  when  the  first  layers  of  its  alluvium. 
70  feet  below  the  present  surface  at  Calcutta,  were  being  deposited. 
At  this  period  the  older  marine  group  had  become  sufficiently  raised 
to  admit  the  deposition  of  beds  stamped  with  a  fluviatile  and  terres- 
trial character,  and  even  the  accumulation  of  such  matters  as  peat ; 
since  then  a  steady  downwater  movement  of  the  Gangetic  delta  has 
permitted  the  enormous  accumulations  of  newer  alluvium,  which 
covers  so  large  an  area  in  Bengal.     No  such  movement  has  hitherto 
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taken  place  in  the  Lrawadf  area,  and  the  proofs  of  a  general  eleyation 
are  sufficiently  dear  and  undeniable.  To  a  consideration  of  these 
Mr.  Theobald  devotes  some  space. 

In  conclusion,  he  points  out  the  economic  value  of  the  two  groups. 
It  is  on  the  newer  sJluvium  that  the  finest  indigo  is  grown,  and  in- 
digo and  silk  (mulberry)  may  be  said  to  be  the  two  main  staples  of 
the  Zillahs  in  BengaL  The  newer  alluvium  will,  moreover,  he  adds, 
produce  any  crop  required  of  it,  either  rice,  sugar,  opium,  oil  seeds, 
etc.,  and  hence  the  fertility  for  which  Bengal  is  noted.  In  the 
Irawddf  valley,  in  place  of  this  fertile  deposit,  is  the  older  alluvial 
clay,  which  though  in  some  places  it  is  capable  of  producing  valuable 
crops  of  various  descriptions,  is  generally  fit  to  sustain  nothing  so 
well  as  rice  crops ;  and  hence  the  inability  of  the  delta  of  the  Ira- 
wadi  to  compare  in  richness  with  that  of  the  Gkmges. 


I. — ^Thb  Explober*s  Test-Casi;  with  the  Kby  to  Fobtuks  ik 
New  Lands.    S.  W.  Silver  and  Co.,  ^^y  and  67  Comhill,  B.C. 

ONE  of  the  great  hindrances  to  the  successful  development  of  the 
natural  productions  of  new  countries,  lies  undoubtedly  in  the 
ianct  of  the  want  of  knowledge  of  the  more  simple  means  of  recog- 
nizing the  common,  and  therefore  often  the  more  important  of  the 
metals  and  minerals  used  so  abundantly  in  the  arts  and  manufactures. 
The  settler's  first  thought  is  naturally  to  provide  for  his  immediate 
neoessities,  and  the  cultivation  of  the  soil  becomes  his  first  considera- 
tion. From  day  to  day  and  year  to  year  this  work  is  carried  on, 
and  the  mineral  products  around  him,  whether  in  the  soil  or  the  beds 
of  neighbouring  streams,  or  contiguous  rocks,  are  unheeded;  and 
even  gold,  a  metal  which  it  seems  almost  incredible  should  not  be 
recognized  at  first  sight,  was  overlooked  for  many  years,  both  in 
California  and  Australia. 

Writing  on  the  "  Gold-fields  of  Victoria"  Mr.  Brough  Smyth  says : 
— "  Beefs  of  White  Quartz,  standing  20  feet  above  tiie  surrounding 
surface,  every  foot  of  which  contained  gold,  visible  to  the  naked  eye, 
excited  neither  curiosity  nor  inquiry;  and  the  careless  shepherd, 
whose  eamiogs  amounted  to  no  more  than  lOs.  or  158.  a  week,  every 
day  drew  water  from  the  creek  beneath  whose  bed  lay  nuggets  and 
grains  of  gold,  far  exceediug  in  value  the  fee-simple  of  the  run  on 
which  he  was  a  labourer."     (p.  4). 

Not  alone  does  this  ignorance  retard  the  search  for  minerals,  but 
it  also  leads  to  ruinous  blanders,  which,  whether  perpetrated  by 
individuals  or  by  goveruments  are  equally  to  be  regretted.  Who 
will  forget  the  unfortunate  possessor  of  a  beautiful  stone  said  to  be  a 
diamond,  who  made  a  voyage  to  England  from  Australia  for  the  pur- 
pose of  disposing  of  it  to  better  advantage — ^he  having  had  already  a 
considerable  sum  offered  for  it— only  to  find  upon  his  arrival  that 
it  was  a  quartz  crystal,  value  a  few  shillings.     Or  the  story  of  tk^ 
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old  copper  kettle  (no  longer  available  to  its  owners  at  the  Diggings 
for  boiling  water  in  on  aooount  of  its  leakiness)  which  one  of  the 
ingenious  party  industriously  filed  up  into  ''  gold-dust'*  and  sold  to 
a  new-comer  at  a  "ruinous  sacrifice"  just  enabling  himself  and 
friends  to  "  dear  out" 

The  Explorer's  Test-case  has  been  designed  with  a  view  to  pre- 
vent such  mistakes,  and  to  enable  an  ordinarily  intelligent  emigrant 
or  traveller  without  any  previous  knowledge  of  mineralogy  to  ascer- 
tain, by  a  few  characteristic  and  simple  tests,  the  nature  of  the 
mineral  products  he  may  meet  with,  or  be  possibly  surrounded  by. 
It  is  not  intended  for  the  practical  mineralogist  or  geologist,  thou^ 
doubtless  to  many  of  the  latter  it  would  be  found  to  be  an  exceed- 
ingly useful  travelling  companion;  but  is  adapted  to  guide  the 
amateur  and  novice.  The  case  and  accompanying  key  are  evidently 
designed  by  an  experienced  hand,  one  who  has  felt  the  want  of  such 
appliances  whilst  travelling  in  strange  countries.  It  contains  amongst 
other  items,  blowpipe,  tools,  and  reagents,  test-tubes,  acids,  am- 
monia, forceps,  pliers,  file,  anvil,  hammer,  small  balance  with  grain 
weights  for  finding  specific  gravity,  materials  for  determining  hard- 
ness, horse-shoe  magnet,  and  pocket  lens ;  and  includes  an  explana^ 
tory  kev  to  the  use  of  the  whole.  It  is  contained  in  a  light,  neat,  bat 
strong  leather  case  and  occupies  only  a  small  space  (about  the  size  of 
an  ordinary  octavo  volume),  a  great  recommendation  to  travellers  of 
all  classes. 

We  can  have  no  hesitation  in  saying  that  with  this  test-case  and 
key  used  intelligently,  no  settler  need  be  without  a  fair  knowledge 
of  the  minerals  found  on  his  property  or  within  his  district,  and 
travellers  would  be  able  to  tell  us  something  more  than  they  now  do 
of  the  surface  mineralogy  of  a  new  country,  and  save  themselves  the 
encumbrance  of  rock  and  mineral  specimens  which  often  turn  out  to 
be  useless  to  themselves  and  every  one  else. 


II. — Thb  Mineralogist's  Directory  ;  or,  a  Guide  to  the  Principal 
Mineral  Localities  in  the  United  Kingdom  of  Great  Britain  and 
Ireland.  By  Townsuend  M.  Hall,  F.  G.  S.  8vo.,  pp.  168. 
London,  1868 :  E.  Stanford. 

THIS  work  is  the  first  attempt  to  produce  a  list  of  all  the  minerals 
found  at  any  given  locality  in  the  United  Kingdom,  and  will 
bo  welcomed  by  all  searchers  after  mineral  specimens,  whether  pro- 
fessional or  amateur.  It  is  necessarily,  to  a  very  great  extent,  a 
compilation  from  lists  published  in  the  Transactions  and  Journals 
of  various  societies,  papers  in  scientific  periodicals,  catalogues  of 
museums,  etc.,  involving  an  immense  amount  of  labour,  which  only 
those  who  have  endeavoured  to  ascertain  the  productions  of  one 
locality  will  api)reciate.  A  list  of  the  principal  books  used  in  this 
work  will  be  found  at  the  commencement  of  the  volume.  We  are 
glad  to  find  evidence  of  a  careful  scrutiny  into  some  alleged  localities 
lor  rare  species,  resulting  sometimes  in  their  exclusion. 
VnlikQ  its  continental  forerunners,  the  Mineralogical  Lexicon  for 
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B  Kingdom  of  Aostria  by  Profesaor  Zepbaroyicli,  and  the  Minerals 
'  Switzerland  by  Dr.  A.  Eenngott, — ^both  of  which  include  under  each 
oality  a  description  of  the  mode  of  occurrence,  associated  minerals, 
0.,  of  each  species, — ^this  Directory  is  a  simple  statement  of  locali- 
w ;  and  though  there  are  many  omissions  and  a  few  errors,  it  will 
x>bably  be  found  by  many  to  be  nearly  as  useful  a  work  for 
ritish,  as  the  more  elaborate  Continental  ones  are  for  Swiss  and 
nstrian  localities. 

With  r^ard  to  the  old  Gomish  term  for  a  mine,  Huel,  the  author 
ys,  "  Huel  probably  became  corrupted  first  from  its  similarity  of 
iind  with  the  Saxon  weal^  especially  as  mines  were  looked  upon  as 
fertile  source  of  weal  or  wealth.  This  next  became  whealy  and  so, 
iving  lost  its  original  signification,  a  double  corruption  has  some- 
ines  crept  in,  as  Wheal  Maria  Mine,  where  the  word  'mine'  is  thus 
peated  twice."  It  is  time  that  this  error  should  be  corrected,  and 
toordingly  Huel  has  been  adopted  throughout  as  the  correct  spelling ; 
.6  word  still  being  in  use  in  many  parts  of  Brittany  with  the  same 
meaning. 

The  introduction  includes  a  table  of  the  mineral  species  found  in 
;e  British  Isles,  accompanied  with  the  essential  constituents  of  each 
id  their  amounts. 

The  mineral  localities  are  grouped  in  the  same  county  around 
leir  respective  post-towns,  with  the  exception  of  those  of  Cornwall, 
hich,  owing  to  the  great  number  of  mines,  are  referred  to  their 
epectiye  parishes.  In  all  cases  where  positively  known,  the  forma- 
3n  is  given,  another  point  of  interest  in  such  a  list. 
Preceding  an  appendix,  which  includes  a  list  of  geological  forma- 
>ns  with  the  minerals  peculiar  to  or  characteristic  of  their  respective 
rata,  is  a  list  of  localities  of  pseudomorphs,  to  which  certainly 
imerous  additions  will  have  to  be  made. 

Such  a  work  as  this  has  long  been  a  desideratum,  and  Mr.  Hall 
Ay  be  congratulated  on  having  succeeded  so  well  in  bringing  his 
3terogeneous  and  often  contradictory  materials  into  so  intelligible 
shape. 

We  only  hope  that  the  author's  request  with  regard  to  omissions 
:  errors  will^  be  liberally  responded  to  by  local  collectors  and 
iiers,  in  order  that  the  next  edition,  which  is  promised,  may  repre- 
mt  more  completely  still  the  mineral  productions  of  all  British 
Ksalities. 


[X — ^The  Liftsd  and  Subsided  Rooks  of  America,  with  their 
Influence  on  the  Ogeanio  Atmospheric  and  Land-Currents, 
AND  THE  Distribution  of  Eages.  By  Geo.  Catlin.  London, 
1860.    8vo.  pp.  228.    Trubner  &  Co,  8  and  60,  Paternoster  Row. 

^ATIjIN,  the  hero  of  our  boyhood,  the  historian  of  the  North 
J  American  Indians,  comes  before  us  here  in  a  now  character, 
J  a  writer  on  physical  geology,  geography,  and  ethnography ;  and 
[though  we  confess  to  a  feeling  of  fond  regret  in  not  meeting  with 
single  buffalo-hunt,  or  a  Pawnee  chief  in  lus  war-paixiti  m\ki!b\^^^i^ 
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before  ns,  it  is  a  wonderful  book  neverthelesa.  No,  Mr.  Oatlin 
has  taken  up  the  pen  once  more,  not,  however,  to  write  on  Tndiann, 
but  on  the  great  physioal  features  of  Northern  and  Central  America, 
and  to  offer  us  his  own  opinions  on  the  origin  of  monntAinB  and 
valleys,  rivers  and  seas,  and  the  vast  changes  that  have  taken  place 
in  the  relation  of  land  and  water  since  man,  as  civilized  man,  occa- 
pied  Central  America.  Mr.  Catlin,  if  not  a  profound  scholar  is,  at 
least,  a  great  traveller,  and  his  observations  therefore  deserve  om 
attention,  even  if  we  are  unwilling  to  accept  his  theories. 

The  following  is  a  brief  statement  of  the  leading  topics,  and  tlie 
method  in  which  they  are  dealt  with  by  the  author : — 

1.  Moimtain  chains  have  been  uplifted  by  plutonio  agenoy. 

2.  The  uplifted  mass  has  left  a  space  beneath,  equal  to  the  mass 
originally  elevated  above  the  genend  surface-level  of  the  ground. 
As  all  mountains  have  undergone  a  vast  amount  of  subsBrial  denuda- 
tion and  degradation,  Mr.  Catlin  concludes  that  these  submontagne 
caverns  must  be  vastly  larger  in  proportion  than  the  present  elevated 
rock-mass  reared  above  them. 

3.  Mountain-ranges,  such  as  the  Bocky  Mountains  and  the  Andes, 
are  vast  rain  and  snow  collecting  areas. 

4.  The  rivers  which  flow  along  the  surface  of  the  valleys  at  their 
feet,  represent  only  a  tithe  of  the  waters  falling  upon  their  flanks, 
whilst  of  that  which  falls  within  their  internal  complicated  area,  or 
is  condensed  upon  their  snow-capped  peaks,  they  receive  none  at  all 

5.  The  greater  part  of  the  water  falling  upon  these  mountains 
descends  at  once  by  fissures  into  the  submontagne  caverns,  and  there 
collecting,  flows  as  a  vast  river,  maintaining  its  subterranean  course 
down  south  to  the  Gulf  of  Mexico  into  which  it  debouches. 

6.  That  from  the  30th  degree  of  south  latitude,  the  waters  of  the 
Andes  flow  northwards,  and  the  subterranean  drainage  no  doubt 
resembles  that  of  the  Rocky  Mountains. 

7.  That  these  two  great  submontagne  rivers  pour  their  waters  by 
submarine  outlets  into  the  Caribean  Sea  and  the  Gulf  of  Mexico, 
from  which  they  debouch  as  the  Gulf  Stream. 

8.  Tliat  there  is  evidence  in  the  Mexican  hieroglyphs,  the  inscrip- 
tions and  monuments  of  Palenque,  Copan,  and  Uxmal  (translated 
by  the  Abbe  Brasseur  de  Bourbourg,  the  last  of  which  gives  a  com- 
plete translation  of  the  "  Teo  Amoxtli,"  the  Toltecan  mythological 
history  of  the  cataclysm  of  the  Antilles),  to  prove  that  since  the 
occupation  of  Central  America  by  man,  the  vast  area  of  the  Caribean 
sea  and  the  Gulf  of  Mexico,  as  far  as  the  Antilles,  has  been  sub- 
merged. (In  a  carefully  prepared  map  which  accompanies  Mr. 
Catlin*s  work,  he  shows  what  he  believes  to  have  been  the  former 
extent,  within  the  human  period,  of  the  Central  American  Continent.) 

9.  That  the  ruined  cities  of  Yucatan  and  Guatemala  with  others 
of  equal  or  greater  extent,  were  sunk  beneath  the  Ocean. 

10.  That  the  peninsulas  of  Yucatan  and  Guatemala,  which  were 
submerged  in  the  general  cataclysm,  have  risen  again,  revealing  the 
ruins  of  the  once  splendid  cities  of  Palenque  and  Dxmal — whose 

ttUs  still  bear  evidence  of  their  submersion  in  fragments  of  coral 
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id  marine  sand  filling  tlie  niches  and  fractures  of  even  the  highest 
lifioes  and  pyramids — whilst  the  still  rising  coast  reveals  other 
lins  traceable  beneath  its  waters. 

11.  That  the  discoveries  of  Mr.  Catlin  himself,  and  of  the  Abb^ 
rasaeiur  de  Bourbonrg  and  others,  prove  that  this  region  witnessed 
16  birth  and  rise  of  the  first  civilization  of  the  earth  as  well  as  the 
rst  age  of  bronze  weapons. 

12.  Writing  on  the  distribntion  of  Baoes  Mr.  Catlin  regards  the 
merican  Indians — both  North  and  South — as  spnmg  from  a  oom- 
on  stock  created  and  placed  within  this  central  American  region, 
id  totally  rejects  the  idea  of  an  Asiatic  immigration,  claiming  for 
le  American  races  an  origin  as  remote  as  that  of  any  people  in  the 
orld. 

Beverting  to  Mr.  Catlin's  geolo^cal  views,  it  is  of  some  interest 
notice  that  along  the  coast  of  Yucatan,  vast  quantities  of  fresh- 
ater  are  poured  from  subterranean  outlets  into  the  sea.  Between 
16  open  sea  and  this  liquid  mass  a  littoral  bank  is  formed  which 
ms  parallel  to  the  coast  for  a  distance  of  more  than  170  miles,  the 
ator  on  the  inside  being  quite  fresh,  whilst  that  outside  the  bank 
salt 

Along  the  shores  of  the  United  States  enormous  volumes  of  fresh 
ater  are  constantly  poured  into  the  sea  from  subterranean  rivers, 
he  coasts  between  Nice  and  Genoa,  those  of  Algeria,  Istria,  Dal- 
atia,  and  even  the  shores  of  the  Bed  Sea  (destitute  of  subaerial 
reams)  have  all  their  submarine  rivers  jetting  up  into  the  sea. 
or  will  anyone,  fEuniliar  with  the  phenomena  of  mountains  and 
vers,  be  disposed  to  object  to  the  assertion  of  Mr.  Catlin  of  the  vast 
lantity  of  subterranean  channels  in  the  Bocky  Mountains  into 
hich  a  very  large  proportion  of  the  rainfall  finds  its  way,  probably 
>t  to  reappear  imtU  it  is  poured  into  the  sea  itself  by  some  sub- 
arine  vent.  But  it  may  be  very  reasonably  doubted  whether  there 
any  more  connection  between  these  fresh-water  rivers,  with  sub- 
arine  outlets,  and  the  Oulf  Stream,  than  between  it  and  the  waters 
'  the  Amazons  or  the  Mississippi  itself.  As  to  the  temperature  of 
16  water  we  cannot  agree  with  Mr.  Catlin,  that  there  is  any  ground 
r  assuming  that  its  subterranean  oourse  would  bring  it  within  the 
nge  of  underground  temperature  sufficiently  high  to  raise  it  into  a 
sat  giving  medium  so  effectuaUy  as  by  mere  exposure  to  the  rays  of 
tropical  sun,  and  we  earnestly  recommend  to  the  author's  con- 
leration  the  careful  calculations  of  Mr.  James  Croll  upon  this 
ibject  QiJOL.  Mag.  1869,  Vol.  VI.  p.  157.  See  also  VoL  V.  p.  301. 
Uow  far  Mr.  Catlin  is  able  to  prove  his  case  for  the  recent  form- 
ion  of  the  Gulf  of  Mexico  and  the  Caribean  sea  by  the  submergence 
'  this  vast  area  in  prehistoric  time,  and  within  the  human  period, 
ypears  to  rest  mainly  upon  the  acceptance  and  value,  as  historic 
4denoe,  of  the  translations  of  the  Mexican  inscriptions,'  purporting 

^  Some  remarkablt  MSB.  lately  translated  bj  the  Ahh6  Braagenr  de  Bourbourg, 

B  Codex  Chimalpopoca  and  the  Codex  Troano,  mention  not  only  the  existence 

a  mbterraneao  rirer  under  the  Rocky  Mountains,  bnt  also  the  destruction  of 

B  tffzitorj  to  the  east  of  the  present  Republic  of  Mexioo.    T\iaM  VbMusL  \^^^ 
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to  record  these  mighty  6Yent&  We  prefer,  therefore,  to  leave  these 
questions  to  the  antiquary  and  ethnologist,  who,  as  well  as  the  geolo- 
gists, will  find  in  Mr.  Catlin  a  shrewd  and  veiy  original  writer  and 
ohserver, — fearless  and  severe  in  his  criticisms,  hut  giving  abundant 
opportunity  to  those  who  please  to  do  so  to  criticise  him  in  return. 


Geological  Society  of  London. — L  June  8th,  1870.  Joseph 
Prcstwich,  Esq.,  F.B.S.,  President,  in  the  Chair.  1.  "On  the  Super- 
ficial Deposits  of  the  South  of  EEampshire  and  the  Isle  of  Wi^t" 
By  Thomas  Oodrington,  Esq.,  F.Q.S. 

This  paper  treated  of  the  gravel  deposits  covering  the  Tertiaiy 
strata  between  Portsmouth  and  Poole,  and  of  the  Isle  of  Wight. 

The  strikingly  tabular  character  of  the  surface  is  best  seen  on  the 
east  of  tlie  Avon,  where  from  the  coast  for  more  than  twenty  miles 
inland  a  gravel-covered  plain  can  be  followed,  rising  gradually  from 
80  feet  to  420  feet  above  the  sea,  at  the  rate  of  about  20  feet  per 
mile.  The  high  plains  of  the  New  Forest,  to  the  eye  perfectly  level 
and  indented  by  deep  valleys,  are  portions  of  this  table-land.  The 
plateau  between  the  Bournemouth  Cliffs  and  the  Valley  of  the  Stoor, 
and  detached  gravel-capped  hills  further  inland,  are  the  remnants  of 
a  similar  table-land  on  the  west  of  the  Avon,  while  eastwards  the 
same  character  prevails  up  to  Southampton  Water.  Sections  parallel 
with  the  coast  show  the  level  nature  of  the  country,  broken  only  by 
well-defined  river-valleys.  On  the  east  of  Southampton  Water  a 
similar  tabular  surface,  sloping  at  a  steeper  angle  towards  the 
shore-line,  and  cut  through  by  the  valleys  of  the  Itchen,  Hamble, 
and  Titchfield  rivere,  remains ;  and  in  the  Isle  of  Wight  the  gi-avels 
Clipping  the  flat-topped  Tertiary  hills  coincide  with  a  corresponding 
plain  sloping  northwards. 

The  gravel  covering  these  table-lands  is  composed  chiefly  of  sub- 
angular  chalk-flints,  with  a  varying  proportion  of  Tertiary  pebbles. 
Sarsen  stone  blocks  are  found  everywhere,  and  on  Poole  Heath 
granitic  pebbles;  and  in  the  gravel  of  Portsea  large  boulders  of 
granitic  and  palsBOzoic  rocks  are  met  with.  In  the  Isle  of  Wight 
chert  from  the  Upper  Greensand  and  materials  from  the  Lower 
Cretaceous  beds  also  occur.  The  colour  of  the  gravel  is  generally 
red ;  and  the  origin  of  the  white  gravel,  which  often  overlies  the 
red,  is  to  be  ascribed  to  the  bleaching  action  of  vegetable  matter. 
Brick-earth  is  generally  associated  with  the  gravel  at  all  levels  but 
the  highest;  but  the  contorted  appearances  attributed  to  glacial 
action  only  occur  at  low  levels. 

No  organic  remains  have  been  found  in  the  gravel  covering  the 

however,  only  recently  been  brooght  to  light,  and  are  not  the  soarces  whenoe  Mr. 
Catlin  obtained  his  information.  Mr.  L.  Harper,  Professor  of  Geology,  U.S.A.,  in 
a  letter  to  the  Editor  of  tho  "  Echo  da  Parlcment,"  adduced  a  fact  in  confirmation  of 
Mr.  Catlin's  theory,  riz. :  that  a  subterranean  outlet  of  the  Great  Salt  Lake  has  been 
discoTcrcd  at  Connne,  in  the  territory  of  Utah,  U.S.,  which  he  thinka  may  largely 
contribute  to  the  Gulf  Stream. 
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plains,  while  the  Talley-gravelB  of  the  district  have  afforded  mam- 
malian bones  and  teeth  of  the  usual  species.  Flint  implements 
have  been  found  at  Bournemouth  at  120  feet  above  the  sea,  at 
Lymington,  near  Southampton,  at  80  and  150  feet,  and  also  along 
the  shore  betwten  Southampton  Water  and  Qosport,  at  d5  feet  above 
the  sea,  from  gravel  forming  part  of  the  covering  of  the  tabular 
surface,  and  imconnected  with  die  river- valleys. 

The  gravel  capping  the  clifis  of  the  south  coast  of  the  Isle  of 
Wight,  in  which  the  remains  of  Elephas  primigmiui  have  been 
found  near  Brook  and  Grange,  was  probably  deposited  in  the  same 
river-basin  as  the  mammaliferous  gravel  of  fVeshwater ;  and  the  cut- 
ting back  of  the  coast-line  by  the  sea  has  given  the  tributaries  of  a 
river  which  flowed  by  Freshwater  northwards  to  the  Solent  a  direct 
outfall  to  the  sea ;  and  the  streams  thus  intercepted  at  a  high  level, 
under  the  changed  condition  of  flow,  have  originated  the  Chines. 

The  gravel  cliff  of  the  Foreland,  at  the  eastern  end  of  the  Isle  of 
Wight,  consists  principally  of  raised  shingle,  which  towards  the 
south  thins  out,  and  is  overlain  by  a  thick  deposit  of  brick-earth,  a 
continuation  of  which  caps  the  clifib  up  to  the  Chalk,  and  in  which 
a  flint  implement  was  found  by  the  author  at  85  feet  above  the  sea. 

General  Consideratians, — ^The  marine  gravel,  with  granite  boul- 
ders covering  the  south  of  Sussex,  is  continued  westward  by  the 
gravel  with  similar  boulders  covering  Portsea  Island ;  and  this  again 
by  the  Hill-head  gravels,  with  large  blocks  of  Sarsen  stone,  these 
lower  gravels  being  bordered  on  the  south  by  the  raised  shingle  de- 
posits of  the  Isle  of  Wight,  and  on  the  north  by  the  higher  marine 
gravels  of  Avisford,  Waterbeach,  and  Bourne,  from  which  the  lower 
gravel  is  divided  by  a  well-marked  step,  extending  beyond  Ports- 
down  Hill  to  Titchfield,  and  traceable  on  the  west  of  Southampton 
Water.  The  Hill-head  gravels  are  considered  to  be  an  estuarine 
deposit,  of  the  same  age  as  the  marine  gravels  of  Sussex,  and  the 
low  level  gravels  of  the  river- valleys ;  they  are  supposed  to  have 
been  formed  when  the  Isle  of  Wight  was  still  joined  to  the  main- 
land, and  all  the  rivers  now  reaching  the  sea  by  Poole  Harbour, 
Ghristchurch  Harbour,  Southampton  Water,  etc.,  were  affluents  of  a 
river  communicating  with  an  estuary  opening  to  the  sea  in  the 
direction  of  Spithead. 

The  gravels  lying  above  the  step,  such  as  those  of  Avisford  and 
Waterbeach,  Titchfield  Common,  Beaulien  Heath,  and  Bournemouth, 
are  looked  upon  as  equivalent  in  position  and  age  to  the  high-level 
valley  gravels. 

The  level  of  the  gravels  on  the  highest  parts  of  the  table-lands 
is  such  as  to  indicate  an  age  far  greater  than  that  of  the  highest 
gravels  of  the  river- valleys ;  but  the  imiform  surface  from  the  400- 
feet  level  downwards  points  to  a  long  continuance  of  similar  con- 
ditions, during  which  Uie  gravel  from  the  highest  levels  to  that  of 
the  Bournemouth  cliffs  was  deposited.  The  area  that  can  with  any 
probability  be  assigned  to  the  catchment  basin  of  a  river  such  as 
that  which  has  been  before  alluded  to,  is  only  three-quarters  of  the 
basin  of  the  Thames  above  Hampton,  within  which  it  is  difficult  to 
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imagine  that  suoh  an  extent  of  gravel  ooold  have  been  spread  out ; 
and  the  indination  of  the  flatt^t  of  the  table-landB  is  for  a  river 
such  as  only  mountain-streams  have,  and  quite  incompatible  with  the 
spreading  out  of  large  even  surfiaoes  more  than  twenty  miles  across. 
It  is  considered  more  probable  that  the  materials  of  the  gravel 
were  brought  down  from  the  chalk  countiy  on  all  sides  by  riverB, 
and  spread  out  in  an  inlet  of  the  sea  shut  in  on  the  south,  and  open- 
ing out  eastwards.  This  view  is  not  without  difficulties ;  it  involves 
a  gradual  upheaval  of  the  land,  which,  when  Hie  highest  gravels 
now  remaining  were  being  spread  out  at  or  near  the  sea-level,  must 
have  stood  more  than  400  feet  lower;  and  a  considerable  part  of 
this  upheaval  must  have  taken  place  since  the  formation  of  the 
gravel  in  which  implements  fisuihioned  by  man  are  imbedded. 

DiBCfU88zoiT.~The  Premdent  referred  to  the  railed  beach  at  Brighton,  which  be 
had  traced  thence  aa  far  as  Chicheater.  He  inouired  what  eridence  tnere  waa  of  the 
marine  origin  and  contemporaneity  of  the  beos  identified  with  thia  beach  by  Mr. 
Codrington. 

Mr.  Whitaker  noticed  the  occurrence  of  graTcla  limilar  to  those  deacnribed  by  Mr. 
Codriagton  on  the  slope  between  Canterbury  and  Heme  Bay,  as  indicatiTe  of  the 
presence  of  a  large  riTer.  He  agreed  with  the  author  in  considering  that  the  white 
graTel  was  produced  by  the  decolourization  of  the  red :  and  remarked  that  it  was 
unusual  to  nnd  angular  graTols  of  thoroughly  marine  type. 

Mr.  C.  Moore  remarkeid  that  the  gra?^  and  brick-eartha  from  Salisbury  westward 
are  all  of  freshwater  origin,  and  contain  the  remains  of  frogs  in  great  abundance, 
together  with  freshwater  shells,  bones  of  Arvicola,  etc 

Sir  Charles  Lyell  was  inclined  to  ascribe  the  formation  of  the  grayels  deaeribed  to 
the  sudden  melting  of  snow  in  great  quantities.  He  referred  to  Uie  presence  of 
Sarsen  stones  as  in£cating  that  there  was  force  enough  to  carry  large  masses. 

Prof.  Ramsay  referred  to  the  great  denudation  of  Eocene  strata  which  must  hafe 
taken  place  before  the  present  form  of  the  Innd  was  produced,  as  Impl\ing  an 
immense  amoimt  of  river -action,  the  immedisto  results  of  which  are  now  maskra  by 
the  modifications  produced  by  subsequent  sub-aerial  chan^  of  more  limited  extent. 
He  maintained  that  the  finding^  of  flint  implements  at  Tanous  elcTations  furnished  no 
eridence  of  change  in  the  relative  level  of  sea  and  land. 

Mr.  Codrington,  in  reply,  stated  that  the  gravels  were  not  valley-gravels  such  as 
those  mentioned  by  Mr.  Moore.  He  did  not  see  bow  glacial  action  coiud  have  spread 
the  gravels  over  flat  table-lands. 

2.  <'0n  the  relative  position  of  the  Forest-bed  and  the  Chilles- 
ford  Clay  in  Norfolk  and  Suffolk,  and  on  the  real  position  of  the 
Forest-bed."    By  the  Rev.  John  Gunn,  M.A.,  F.G.S. 

The  author  commenced  by  stating  that  both  at  Easton  Bavent 
and  at  Eeseingland  tlie  Forest-bed  is  to  be  seen  forming  part  of  the 
beach,  or  of  the  foot  of  the  clifif,  and  underlying  the  Ohillcsford 
Clay.  He  considered  that  the  soil  of  the  Forest-bed  had  been  depo- 
sited in  an  estuary,  and  that,  after  its  elevation,  the  trees,  of  which 
the  stools  are  now  visible  along  the  coast,  grew  upon  it,  and  the 
true  Forest-bed  was  formed.  After  the  submergence  of  this,  first 
freshwater,  then  fluvio-marine,  and  finally  marine  deposits,  were 
formed  upon  it ;  and  the  author  proposed  to  give  the  whole  of  these 
deposits  the  name  of  the  "  Forest-bed  series."  The  author  sug- 
gested that  the  Forest-bed  itself  is  represented  inland  by  the  stony 
bed  which  lies  immediately  upon  the  chalk  and  between  it  and  the 
Flnvio-marine  and  Marine  Crags,  his  theory  being  that  the  surface 
of  the  Chalk,  after  supporting  a  Forest-bed  Fauna,  was  gradually 
covered  up  by  suocesaive  Giag  d<di^«\\A. 
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DtBousnoM. — Sir  Charles  Lyell  oonfidered  the  Forest-bed  to  be  older  than  the 
Stony-bed. 

Mr.  Ouim  remarked  that  at  Baston  Bayent  the  Ohilleaford  Olay  is  in  the  oUff,  and 
the  Forest-bed  in  the  beach  beneath  it  He  referred  to  yarions  instances  of  the 
occnrrenoe  of  mammalian  remains  on  the  coast. 

3.  ''On  a  new  Labyrinthodont  Ampliibian,  £rom  the  Magneeian 
Limestone  of  Midderidge,  Durham."  By  Albany  Hanoook,  Esq., 
F.L.S.,  and  Bichard  Howse,  Esq.  Communicated  by  Prof.  Huxley, 
FJLS.,  F.Q.S. 

The  specimen  described  by  the  authors  was  remarkable  for  the 
great  development  of  the  ventral  scutes,  which  were  of  large  size, 
minutely  striated,  imbricated,  and  arranged  in  diagonal  lines,  sloping 
from  behind  forward,  giving  the  surface  of  the  fossil  a  strongly 
ribbed  appearance.  The  authors  stated  that  it  was  allied  to  Dcuy- 
cep$  and  to  Pholiderpeton  seutigerum  (Huxl.) ;  but  firom  the  peculiar 
characters  of  its  scutes,  its  elongated  narrow  muzzle,  and  some  other 
peculiarities  presented  by  the  head,  they  regarded  it  as  forming  the 
type  of  a  new  genus,  which  they  proposed  to  name  Zepidototaurw, 
The  species  they  named  Z.  Duffitf  in  honour  of  its  discoverer,  Mr. 
Joseph  Duff. 

4.  '*  On  JProUroMurtu  Speneri  (von  Meyer),  and  a  new  species, 
ProUro9aurus  Euxleyi,  from  the  Marl-slate  of  Midderidge,  Durham." 
By  Albany  Hancock,  Esq.,  F.L.S.,  and  Eichard  Howse,  Esq.  Com- 
municated by  Prof.  Huxleyi  F.RS.,  F.G.S. 

In  this  paper  the  authors  described  a  specimen  which  they  referred 
to  ProUroiaurua  Speneri  (von  Meyer) ;  and  one  of  smaller  form, 
which  they  regarded  as  new,  and  described  as  Proterosaurus  Hux- 
Uyi.  Both  were  from  the  same  part  of  the  Marl-slate  of  Midde- 
ridge, Durham.  The  two  species  agree  in  having  the  limbs,  taU, 
and  neck  long,  and  composed  of  seven  vertebraa,  in  the  number 
of  dorsal  vertebrsD,  in  the  number  and  character  of  the  bones 
of  the  hand,  and  in  some  other  particulars,  sufficient,  with  these,  in 
the  opinion  of  the  authors,  te  justify  the  reference  of  both  to  the 
genus  Proterosaurus.  In  P.  Huxleyi  the  ribs  are  flattened  instead 
of  rounded  at  the  proximal  extremity,  and  less  widened  and 
grooved  at  the  distal  extremity  than  in  P.  Speneri ;  the  hind-limb  is 
considerably  longer  in  proportion  to  the  fore-limb ;  and  the  distal 
extremity  of  the  humerus  is  only  twice  as  wide  as  the  constricted 
part>  instead  of  three  times,  as  in  the  old  species. 


n.  June  22nd,  1870. — 1.  "  Notes  on  the  Lower  Portion  of  the 
Oreenslates  and  Porphyries  of  the  Lake  District  between  Ulleswater 
and  Keswick."  By  H.  Alleyne  Nicholson,  M.D.,  D.Sc.,  M.A., 
F.RS.E.,  F.Q.8.,  Lecturer  on  Natural  History  in  the  Medical  School 
of  Ediaburgh. 

The  author  describes  the  characters  presented  by  the  lower  part 
of  that  series  of  rocks,  named,  by  Professor  Sedgwick,  the  "  Green- 
slates  and  Porphyries,"  which  overlie  the  Skiddaw  Slates  in  the 
Lake  District    He  notices  the  sections  of  this  series  in  Botro^dsbk^^ 
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on  the  east  side  of  Derwentwater,  between  Keswick  and  the  Yale  of 
St  John,  in  the  Yalo  of  St  John,  in  Matterdale,  in  Eyoott  Hill, 
between  ITlleswater  and  EEaweswater,  and  in  the  neighbourhood  of 
Shap.  In  the  Borrowdale  section  the  sequence  of  the  rocks  is  given 
by  die  author  as  follows : — Besting  on  the  Skiddaw  slates  there  are 
(1)  a  felspathic  trap ;  (2)  a  great  series  of  ashes,  breccias,  and  amyg- 
daloids,  often  showing  slaty  cleavage  and  worked  as  slates,  but  widi 
several  intercalated  bands  of  trap;  and  (3)  a  second  trap.  This 
appears  to  be  a  normal  section,  and  is  repeated,  but  diversified  by 
the  results  of  folding  and  faults  in  the  other  localities  described  by 
the  author,  except  that  in  the  Yale  of  St  John  the  true  slaty  series 
seems  to  be  entirely  wanting. 

2.  "  Observations  on  some  Yegetable  Fossils  from  Yictoria."  By 
Dr.  Ferdinand  von  Miiller  and  B.  Brough  Smyth,  Esq.,  F.G.S. 

Mr.  Smyth  stated  that  the  fossils,  of  which  specimens  were  for- 
warded by  him,  were  obtained  in  one  of  the  deep  leads  at  Haddon, 
near  Smythesdalc.  No  leaves  have  been  obtained  from  the  bed,  which 
consists  of  a  greyish-black  clay;  the  fruits  and  seed-vessels  were 
obtained  about  180  feet  from  the  surface,  and  represent  a  flora  not 
very  dissimilar  to  that  now  characterizing  some  parts  of  Queensland. 
The  specimens  sent  include  the  fruits  of  a  supposed  new  genus  of 
ConiforsB,  described  by  Dr.  von  Miiller  under  ^e  name  of  Spfrndy- 
lostrohus.  It  is  most  nearly  allied  to  Solenostrohui  (Bowerbank),  but 
its  five  valves  are  not  keeled.  Tlie  columella  forms  the  main  body 
of  the  fruit ;  and  the  seeds  are  apparently  solitary.  The  species  was 
named  Spondylostrohus  Smythii.  The  remaining  specimens  consisted 
of  a  solitary  fruit  of  a  genus  of  Yerbenace83 ;  an  indehiscent  com- 
pressed fruit,  probably  belonging  to  the  proteaceous  genus  Helicia ; 
a  nut  nearly  allied  to  the  preceding ;  a  large,  spherical,  unilocular, 
three-seeded  nut  witli  a  thick  pericarp,  perhaps  from  a  Capparideous 
plant;  a  five-valved  capsule  of  an  unknown  genus;  and  fruit- 
valves  of  three  other  plants,  probably  belonging  to  the  Sapindacea?, 
and  perhaps  allied  to  Cupania,  One  of  the  last  may  belong  to  the 
Meliciaceous  genus  Dysoxylon.  Dr.  Miiller  considered  that  these 
remains  indicate  a  former  flora  analogous  to  that  of  the  exbting 
forest-belt  of  Eastern  Australia. 

3.  ''Note  on  some  Plesiosaurian  Bemains  obtained  by  J.  C. 
Mansell,  Esq.,  F.G.S.,  in  Kimmeridge  Bay,  Dorset."  By  J.  W.  Hulke. 
Esq.,  F.R.S.,  F.G.S. 

The  remains  described  in  this  Note  represent  two  new  species  of 
Flesiosaurus.  The  dorsal  vertebras  of  the  first  species  are  distin- 
guished by  extremely  short  centra,  with  hollow  articular  facee. 
The  antero-posterior  diameter  of  four  centra  ranges  between  1  and  1*3 
inch,  the  transverse  horizontal  diameter  between  4  and  4*6,  and  the 
vertical  between  3*8  and  4  inches.  For  this  Plesiosaur  the  author 
proposes  the  specific  name  of  P.  brachistospondylus. 

The  other  species,  of  which  the  greater  part  of  the  spinal  column 
and  portions  of  the  breast  and  pelvic  girdles  and  limbs  are  pre- 
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served,  is  a  long,  slender-neoked  Plesiosaur,  exceeding  16  feet  in 
length.  Its  limbs  are  much  larger  in  proportion  to  the  whole  length 
than  in  the  typical  Liassio  forms  of  this  genus;  but  what  particularly 
distinguishes  it  from  these  are  the  massiveness  of  the  humerus  and 
femur,  the  longer  size  of  the  wing-like  expansion  of  the  postaxial 
border,  a  well-developed  trochanter,  and  especiaUy  three  articular 
facets  at  the  distal  end  of  the  femur,  corresponding  to  which  the 
second  segment  of  the  paddle,  representing  the  leg,  contains  three 
coequal  bones.  The  author  noticed  the  impression  of  a  third  bone 
in  diis  segment  in  the  matrix,  in  which  a  paddle  of  PlioMurm  port- 
landieus  is  imbedded,  and  the  ossicle  on  the  postaxial  border  of  the 
fibula  in  Fleaiosaurw  ru^osus.  He  compared  the  paddle-bones  of 
the  Kimmeridge  Flesiosaunu  with  those  of  Ichthyosauri  and  of  the 
Liassic  Plesiosaurs  and  of  Pliosaurus,  he  drew  attention  to  the  very 
close  resemblance  of  the  humerus  and  femur  to  type  specimens  of  the 
femora  of  Fliosaurtu  hraehydeirus  and  P.  troehanteriua  in  the  British 
Museum,  and  traced  a  similar  resemblance  between  the  elements  of 
the  cnemion  and  tarsus,  and  those  of  the  Dorchester  and  Portland 
Pliosaurian  paddles.  For  this  creature,  combining  a  long  truly  Ple- 
siosaurian  neck  with  Pliosaurian-like  limbs,  the  author  proposed  the 
name  of  Plesiosaurus  Matuelii, 


4.  "  Notes  on  the  Geology  of  the  Lofoten  Islands."  By  T.  Q. 
Bonney,  M.A.,  F.G.S.,  Tutor  of  St  John's  College,  Cambridge. 

The  author  described  the  general  appearance  of  the  Lofoten 
islands,  which  have  commonly  been  described  as  composed  of 
granite,  but  which  he  stated  really  consisted  of  gneissic  rocks.  The 
scenery  of  some  of  the  islands,  on  which  he  did  not  land,  resembled 
that  of  the  Cambrian  and  Cambro-Silurian  districts  of  Wales  and 
Cumberland ;  and  the  interior  of  Hassel  showed  dark  rounded  fells, 
resembling  in  outline  some  of  the  softer  Welsh  slates.  At  Stok- 
marknses  and  at  Melbo  there  is  a  granitoid  rock  of  pinkish-grey 
colour,  consisting  of  felspar  and  platy  hornblende,  with  some  mica 
and  quartz.  The  Svolvaer  Fjeld  in  Ost  Vaago  shows  a  distinctly 
bedded  structure  in  the  cliffs  near  Svolvaer,  the  debris  at  the  foot  of 
which  consist  of  a  rock  resembling  syenite,  and  a  quartzite  contain- 
ing a  little  hornblende  and  felspar.  Bedding  was  also  observed 
towards  the  Oxnsee  Fjord.  The  islets  near  this  coast  consisted 
chiefly  of  a  granitoid  rock  resembling  a  syenite,  showing  traces  of 
bedding  to  the  west  of  Svolvaer.  Seams  and  veins  of  quartz,  horn- 
blende, etc.,  occurred  in  some  of  the  islets,  and  these  were  sometimes 
too  regular  to  be  explained  by  deposition  in  fissures.  Near  the 
Svolvaer  post-office  there  was  gneiss  coarsely  foliated,  containing 
hornblende  and  mica,  with  pink  orthoclase  felspar.  The  author 
concluded,  from  his  observations,  that,  with  few  exceptions,  the  so- 
called  granites  of  the  Lofoten  islands  are  stratified,  highly  metamor- 
phosed rocks,  quartzites,  and  gneiss,  generally  with  much  felspar  in 
the  latter,  and  with  more  or  less  hornblende  in  both,  and  that  they 
are  inferior  in  position  to  the  gneiss  and  schists  of  the  mainland,  and 
to  the  more  slaty  rocks  of  tibe  southern  and  western  parts  of  th^ 
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same  islands.    He  compares  them  wiHi  some  gneiss  from  Dalbeg  cm 
the  west  coast  of  the  island  of  Lewis. 

5.  "  On  Dwrypterui  Bbfinanni,  (Gtormar),  from  the  Marl-slato  of 
Midderidge,  Durham."  By  Albany  Hancock,  Esq.,  F.L.S,  and 
Bichard  Howse,  Esq.  Commanicated  by  Pzofl  Hozley,  F.B.S., 
F.G.S. 

The  material  for  this  paper  consisted  of  four  spedmens  of  Dory- 
pt$ru%  Hofmanniy  which  have  been  discovered  by  Joseph  Duff,  Esq., 
in  the  Marl-slate  of  Midderidge,  and  are  believed  to  be  the  fint 
examples  of  this  fish  which  have  been  obtained  in  this  oonntxy.  The 
stratum  from  which  they  were  procured  is  the  same  as  that  described 
by  Prof.  Sedgwick  in  his  paper,  published  in  the  Transactions  of 
this  Society  (2nd  series,  vol.  iii.,  pp.  76,  77).  The  specimens  show 
that  the  "  ribbon-shaped  "  process  mentioned  by  Gtermar  is  part  of  a 
peculiar  exoskeleton,  and  that  DorypUnu  possessed  ventral  fins, 
which  were  situated  in  firont  of  the  pectorals,  or ''  jugular."  Hitherto, 
no  fishes  with  ventral  fins  other  than  '*  abdominal "  in  position,  have 
been  known  to  occur  earlier  than  the  Cretaceous  epock.  The  tail  is 
heterocercal,  not  homocercal,  as  Gtormar  supposed.  The  dentition  is 
not  displayed  in  any  of  the  specimeils,  and  tiie  teeth  were  probably 
small  and  inconspicuous ;  but  the  general  structure  of  the  fish  shows 
it  to  be  most  nearly,  allied  to  the  Pycnodonts. 

6.  "  Observations  on  Ice-marks  in  Newfoundland."  By  Staff- 
Oommander  J.  H.  Eerr,  KN.,  F.B.O.S.  Communicated  by  the 
Royal  (Jeographical  Society. 

The  author  describes  and  tabulates  the  grooves  and  scratches 
observed  by  him  on  rock-surfaces  in  various  parts  of  Newfoundland, 
especially  Conception  Bay,  the  neighbourhood  of  St.  John's,  and  the 
north  of  Bonavista  Bay.  From  the  diversity  of  the  direction  of  the 
markings  and  other  considerations,  he  considers  that  they  must  have 
been  produced  by  glaciers,  and  he  believes  that  the  main  features  of 
the  country  were  much  the  same  as  at  present,  before  the  glaciation 
took  place.  The  author  thinks  that  the  land  has  not  been  submeiged 
since  it  was  freed  from  its  coating  of  ice. 

7.  '<  On  the  Glacial  Phenomena  of  Western  Lancashire  and 
Cheshire."    By  C.  E.  De  Ranee,  Esq.,  F.G.S. 

The  author  described  the  general  form  of  the  ground  and  the  pre- 
glacial  condition  and  glacial  deposits  of  the  districts  of  Wirral  and 
Western  Lancashire,  and  draws  from  his  observations  the  following 
general  conclusions.  That  before  and  at  the  commencement  of  the 
glacial  epoch  the  north-west  of  England  was  more  elevated  above 
the  sea-ievel  than  at  present,  but  afterwards  gradually  subsided, 
during  which  process  marine  denudation  produced  the  plains  of 
Wirral  and  Western  Lancashire.  Part  of  the  latter  has  since  been 
covered  with  glacial  deposits  200  feet  thick.  The  valleys  running 
in  the  strike  of  the  Triassic  strata  appear  to  have  been  formed  by 
sub-aerial  agencies.  It  is  probable  that  when  the  glacial  epoch  com- 
menced, the  hilly  country  was  covered  with  immense  glaciers,  or 
with  an  ioe-sheet,  which,  as  the  land  sunk,  reached  the  sea.     Th$ 
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High-level  lower  hoMer-ela/if  was  probably  produoed  by  this  land-ioe. 
The  land  contiiiued  sabsiding  until  it  stood  100  feet  lower  than  at 
present,  submerging  the  lowlands  of  Lancashire  and  Cheshire  to  a 
depth  of  rather  less  thaa  25  feithoms,  the  coast-line  being  sorrounded 
by  an  ice-foot,  which  received  on  its  surface  quantities  of  pebbles 
and  boulders  from  the  lake-district.  These,  on  the  breaking  up  of 
the  ice-foot,  were  8p]*0Ad  over  the  lowlands,  forming  the  Low-level 
lower  houlder-clay.  The  climate  then  improved,  although  subsidence 
still  continued,  and  the  sandy  and  gravelly  deposits  of  the  middle 
drift  were  produced;  these  deposits,  at  whatever  elevation  they 
occur,  having  been  found  in  shallow  water  during  the  constant  sub- 
sidence of  ^e  coast-line.  The  surface  of  the  middle  Drift  shows 
traces  of  what  seems  to  have  been  sub-aerial  erosion,  leading  to  the 
supposition  that  the  land  must  have  risen  and  suffered  denudation 
before  that  depression  during  which  the  Upper  Boulder-day  was 
deposited,  at  which  period  the  climate  i^ain  became  extremely  cold, 
and  fresh  glaciers  were  formed.  Before  the  elevation  of  the  Upper 
Boulder-clay  the  climate  was  greatly  ameliorated. 

8.  "  On  the  Post-glacial  Deposits  of  Western  Lancashire  and  Che- 
shire^"    By  C.  E.  De  Eance,  Esq.,  F.Q.S. 

The  author  believed  that  after  the  deposition  of  the  Esker  Drift 
the  country  rose  to  from  200  to  300  feet  higher  than  at  present ; 
but  in  the  course  of  this  elevation  there  was  a  pause,  during  which 
denudation  took  place,  and  the  low  plains,  now  covered  with  peat- 
moss, came  into  existence.  From  the  consideration  of  the  present 
depths  of  the  channel  between  Oreat  Britain  and  L*eland,  the  author 
inferred  that  an  elevation  of  200  feet  would  have  caused  the  coast- 
line to  run  from  the  Mull  of  Galloway  to  St.  David's  Head ;  and 
Lreland  would  have  been  so  connected  with  Wales  as  to  render  pos- 
sible the  migration  of  mammals,  plants,  and  of  man  himself.  Glaciers 
probably  still  persisted  in  the  lake-district  during  the  whole  of  this 
period  of  elevation.  During  a  subsequent  subsidence  drainage  be- 
came greatly  obstructed,  peat  was  formed,  the  sea  encroached  upon 
the  land  and  worked  its  way  eastward  over  the  sea-bottom  of  post- 
glacial times,  a  movement  yet  in  progress.  Here  and  there  sand 
has  begun  to  blow,  forming  dunes. 

9.  "  Observations  on  Modem  Glacial  Action  in  Canada."  By  the 
Rev.  W.  Bleasdell,  M.A.,  Rector  of  Trenton.  Communicated  by 
Principal  Dawson,  F.R.S.,  F.G.S. 

The  author  described  some  phenomena  of  ice-transport  observed 
in  Canada,  especially  those  produced  by  the  flood,  anchor  or  pack-ice 
produced  in  tlie  rapids  of  the  Canadian  rivers.  To  this  he  attributed 
the  entire  disappearance  of  Crab  Island  in  the  River  St  Lawrence, 
near  Cornwall.  This  island  occupied  about  an  acre  and  a  half  within 
the  memory  of  men  now  living ;  it  has  now  entirely  disappeared, 
and  the  water  above  it  is  gradually  deepening.  The  island,  accord- 
ing to  the  author,  has  been  carried  away  piecemeal  by  the  action  of 

1  An  error  occurred  in  the  title  of  this  paper  as  printed  in  the  Society's  abstract, 
namely,  "  Prtf-gladal"  instead  of  <<  iW^-Glaoal.— £d. 
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miniature  icebergs,  floated  off  by  a  rise  in  the  water  prodnced  by  a 
dam  of  anchor-ice  below. 

10.  ''On  an  altered  Clay-bed  and  Sections  in  TideBwell  Dale, 
Derbyshire."    By  the  Eev.  J.  M.  Mello,  M.A.,  F.G.S. 

The  author  describes  the  sequence  of  the  rocks  seen  in  a  qoany 
in  Tideswell  Dale  as  follows : — Beneath  a  thin  layer  of  sarfeice-soU 
is  a  bed  of  Toadstone,  containing  concretionary  balls,  and  much  de- 
composed above ;  beneath  this  is  Toadstone  in  large  blocks  of  inde- 
finite shape,  very  hard,  dark  green,  and  apparently  doleritic,  nine 
or  ten  feet  thick,  passing  downwards  into  a  coarse  and  much  decom- 
posed bed,  partly  amygdaloid,  partly  vesicular,  about  one  foot  thick. 
Beneath  the  Toadstone  rocks,  and  without  any  sharp  line  of  demar- 
cation, is  a  thick  bed  of  indurated  red  clay,  three  yards  in  thickness, 
presenting  a  regularly  prismatic-columnar  structure,  resting  on  a 
thin  bed  of  greenish-yellow  clay,  containing  fragments  of  limestone, 
which  covers  beds  of  good  Derbyshire  marbles  containing  corals. 
The  author  suggests  that  the  columnar  clay-bed  may  perhaps  be  a 
local  development  of  that  which  forms  partings  in  the  limestone 
near  Litton  TunneL 

{7h  hi  Concluded  in  our  next  Number.) 


MR.  DAVID  FORBES,  F.R,S.,  ON  RAIN  AND  RIVERS. 

Sib, — In  the  Geological  Magazine  for  this  month,  p.  314,  is  a 
paper,  entitled  "  D.  Forbes  on  Volcanos,"  being  the  substance  of  a 
lecture  delivered  in  St.  George's  Hall,  19th  June,  1870.  The 
object  of  the  lecture  is  to  show  that  subterranean  heat  has,  and 
ever  has  had,  as  much  to  do  with  the  formation  of  the  surface  of  the 
earth  as  rain  and  rivers  have.  Mr.  Forbes  seems  to  put  this  doc- 
trine forward  as  an  originality  of  his  own,  and  as  if  it  was  foreign 
to  the  rain  and  river  theory.  It  is,  however,  part  and  parcel  of  that 
theory.  Mr.  Forbes,  p.  327,  says,  **  British  geologists  of  late  years, 
all  but  ignoring  the  action  of  internal  forces,  have  striven  to  account 
for  everything  in  the  shape  of  external  configuration  or  scenery  by 
the  action  of  water  in  its  different  forms  of  rain,  rivers,  the  sea,  or 
ice  ;"  and  again,  **  In  answering  tlie  question,  therefore,  as  to  which 
of  these  forces"  (internal  fire  or  external  water)  "has  played  the 
most  prominent  part  in  determining  the  external  configuration  of 
the  earth,  the  unbiassed  geologist  must  necessarily  grant  the  first 
rank  to  the  internal  volcanic  or  cataclysmic  agencies,  since  had  it  not 
been  for  their  operations  our  globe  would  still  have  remained  a 
comparatively  smooth  sphere,  surrounded  with  its  external  enveloj^e 
of  water,  with  no  visible  land  for  the  rivers  to  traverse  or  the  rain 
and  ice  to  disintegrate  and  wear  away  ;  in  fact,  it  was  only  after  the 
internal  agencies  had  produced  their  effects  that  the  external  forces 
were  called  into  play,  and  then  became  the  great  agents  in  modifying 
the  outlines  of  our  earth  to  their  fullest  extent" 

If  Mr.  Forbes  will  only  read  the  book  entitled  *•'  Rain  and 
Bivers,"  he  will  find  his  idea  stated  there  over  and  over  again. 
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The  Idth  chapter  is  headed  "  Fire  forms  continents,  water  transfamu 
them."  In  page  165  is  a  sentence  headed ''  It  is  only  ^re  which  keeps 
onr  heads  above  water.  It  is  only  owing  to  subterranean  igneous 
action  that  the  solids  of  the  globe  are  not  submerged  below  shall  I 
say  3,000  feet  of  water."  In  page  111  is  this  passage  in  reference  to 
Madeira  and  Teneri£fe,  **  These  islands  exemplify  the  contrary  e£fects 
of  the  contrary  canses — fire  and  water,  and  vividly  pourtray  the  per- 
petoal  contest  between  the  two  powers.  They  show  us  that  rain, 
which  we  consider  only  as  a  productive  power,  is  the  destroyer,  the 
dissolver  of  continents,  and  that  subterranean  igneous  action,  whidi 
we  consider  as  a  destructive  power,  is  the  producer,  the  replacer  of 
continents."  In  page  184  is  this  passage  :  "  Subterranean  igneous 
heat  is  the  quarryman  who  raises  the  block.  Rain  is  the  artist 
who  shapes  its  surface.  We  owe  the  beauty  of  the  surface  of  the 
earth  to  water,  not  to  fire.  Gould  the  labourer  of  Paros  with  justice 
write,  non  me  PraxiteleB  fecit,  on  some  divine  production  of  the 
artist  ?  Did  Baily  form  Ins  exquisite  Eve  or  the  workman  of  the 
Carrara  quarries  ?  "  In  page  138  a  paragraph  is  headed  "  Mountains 
while  rising  may  be  decreasing  in  height."  Suppose  the  Alps  to 
have  been  rising  six  inches  in  a  century  for  myriads  of  years,  if  their 
denudation  has  been  seven  inches  they  have  been  decreasing  in 
height 

Mr.  Forbes  is  mistaken  in  supposing  that  ''the  old  leaven  re- 
mains "of  the  dispute  between  the  Neptunists  and  Yulcanists  or  that 
it  had  anything  to  do  with  the  formation  of  the  surface  of  the  earth. 
The  question  was  simply  whether  certain  trap  rocks  were  formed  by 
fire  or  were  precipitates  from  water,  which  question  was  settled 
long  ago. 

I  am,  however,  glad  that  while  Mr.  Forbes  thinks  that  he  differs 
from  ''  Eain  and  Bivers,"  because  he  has  not  read  it,  he,  in  fact, 
agrees  with  the  book  entirely ;  and  the  doctrines  of  his  lecture  are 
the  doctrines  of  *'  Eain  and  Rivers."  I  am  also  glad  that  in  the 
paper  which  precedes  Mr.  Forbes's,  my  friend  Mr.  Kinahan,  attributes 
so  much  to  Meteoric  abrasion.  But  I  wish  that  he  would  change 
this  (as  Humboldt  would  say)  *'  exalted  form  of  speech,"  for  the 
more  humble  title  of  Rain  and  Rivers. 

Geoboe  Obeenwood,  Colonel. 
Bbookwood  Pabk,  Albssfobd,  Srd  July,  1870. 


CoNGBEss  OF  Alpike  GEOLOGISTS  AT  Geneva. — ^A  meeting  of 
Geologists  interested  in  the  Alps,  under  the  presidency  of  Professor 
F.  J.  Pictet,  with  Professor  Favro  for  Vice-President,  and  MM.  E. 
Favre  and  £.  Sarasin  as  Secretaries  is  convened  for  the  3 1st  August 
and  Ist  and  2nd  September.  The  aim  of  the  meeting  was  to  assem- 
ble together  at  Geneva,  the  savants  of  the  two  sides  of  the  Alps,  and 
of  the  eastern  and  western  extremities  of  the  chain,  in  order  to  unite 
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the  French,  (German,  and  Italian  men  of  Boienoe  in  doaer  intimacy. 
The  same  inyitation  is  also  addressed  to  English  Geologists.    Alas! 
there  is  reason  to  fear  that  many  of  those  who  would  have  been  pre- 
sent, will  be  detained  either  by  the  sad  calamity  of  war  in  which 
their  respective  countries  are  involved,  or  by  a  disinclination  to  travel 
during  its  continuance.    To  those  who  are  not  so  hindered,  the  pros- 
pect is  an  inviting  one — not  only  to  be  present  at  the  reading  and 
discussing  of  some  able  papers  upon  the  Alps — ^but  also  to  accompany 
some  of  the  best  Swiss  and  other  Alpine  G^lc^ists  to  the  spots  of 
greatest  geological  interest  and  study  their  rock-features  together. 
We  heartily  wish  the  Congress  the  success  it  so  well  merits,  but 
cannot  be  otherwise  than  apprehensive  that  the  present  state   of 
Europe  is  inimical  to  it 

Pressntation  of  ▲  Testimonial  to  Psofsssob  John  Mobris, 
F.G.S.,  ETC.,  OF  University  College,  London. — ^It  will  be  in  the 
recollection  of  most  of  our  readers  that  a  subscription  list  was 
opened  last  Autumn  for  the  purpose  of  presenting  a  substantial 
testimonial  to  Professor  Morris,   in  recognition  of  the  important 
services  he  has  rendered  to  Geological  Scienoe,  not  only  by  his 
lectures  and  publications,  but  also  by  the  readiness  he  has  at  all 
times  displayed  in  imparting  information  to  others  out  of  the  rich 
store  of  knowledge  which  he  possesses,  whether  in  geology,  palsdon- 
tology,  or  mineralogy.    To  carry  out  this  object,  Sir  Roderick  J. 
Murchison,  Bart.,  E.C.B.,  consented  to  act  as  President;  Mr.  William 
Milnes,  as  Treasurer ;  and  Mr.  Edward  D.  Heam,  as  Secretary.     Dp- 
wards  of  £600  having  been  subscribed,  a  meeting  was  convened  on 
the  14th  July,  at  the  apartments  of  the  Geological  Society,  Somerset 
House,  Sir  Roderick  Murchison,  Bart,  being  in  the  cliair,  supported 
by  the  President  of  the  Geological   Society,  J.   Prestwich,  Esq., 
F.R.S.,  tlie  Treasurer  and  Secretary,  and  a  numerous  assemblage  of 
Mr.  Morris's  friends.     An  address  (the  wording  of  which  had  been 
entrusted  to  Professor  Phillips,  F.R.S.,  of  Oxford),  beautifully  en- 
grossed and  illuminated  on  vellum,  and  framed  in  a  suitable  maimer, 
was  presented  to  Prof.  John  Morris  by  Sir  R.  Murchison,  together 
with  tlie  proceeds  of  the  subscription,  and  the  Silurian  chieftain 
made  a  most  admirable  speech,  in  which  he  was  followed  by  Mr. 
Prestwich,  both  tliese  gentlemen  being  among  Prof.  Morris's  earliest 
and  most  attached  friends.     In  returning  thanks,  Mr.  Morris  (who 
was  most  heartily  cheered)   made  a  most  touching  and  eloquent 
speech,  in  which  he  referred  to  his  early  Geological  labours  and 
travels,  nearly  thirty  years  ago,  in  the  company  of  Murchison  and 
Prestwich.     Mr.  Prestwich  afterwards  read  a  letter  just  received  by 
Mr.  Ileam,  the  Secretary,  from  the  venerable  Prof.  Sedgwick,  ex- 
pressing his  regret  that  the  infirmity  of  years  prevented  his  being 
present,  but  assuring  Mr.  Morris  of  the  cordial  esteem  and  regard 
which  he  entertained  for  him  and  for  his  scientific  labours.     The 
usual  vote  of  thanks  to  the  President,  Treasurer,  and  Secretary  of 
the  Morris  Testimonial  Fund,  terminated  the  proceedings. 
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OBiGnisrA.1.  ji^iaTicLais. 


J. — Om  a  New  CsfBALAans  dibooyerbd  ir  Akkbioa,  xra 
Bf  B.  Rat  Lankutib,  B.A.,  Oootta  Geological  Boholar,  Oxford. 

PBINGIFAL  Dawson,  of  Montreal,  Canada,  has  placed  in  my 
hands  for  deaoription  a  remarkably  interesting  specimen,  indi- 
cating a  species  of  the  genus  C^lialatpii  in  transattantio  Silurio- 
Devonian  beds.  He  writes,  "The  specimen  was  found  by  one  of 
my  assistants,  Mr.  Or.  F,  Kennedy,  B.A.,  when  collecting  with  me, 
in  a  bed  charged  with  remainB  of  Ptilophyton,  on  the  north  side  of 
OaBp6  Bay.  The  geological  horizon  is  below  the  middle  of  the 
6a^  Bandstones,  n 
but  BCTerttl  hun- 
dreds of  feet  above 
tiieii  actual  base, 
00  that  the  sped- 
m^i  may  be  re- 
garded as  either 
Iiower  Devonian 
or  Lower  Middle 
Dev<Hiiao.  It  oe- 
onrred  in  beds 
containing  Ptilo- 
phi!ittmj>rmetp*aii.A 
I*,  roiuititt,  and 
aleo  drift- trunks 
of  Pntot^Tttu  Zo- 
gam,  the  latter  in 
the  sandstones  as- 
ODoiated  with  the 
coarse  shaly  bed 
containing  the 
CspAaZtutptt.  In 
these  sandstones 
there  ore  also 
spines  of  Maehai-  «,,  i.  ov>LcUt^  o<»M.i,  L«kr.  [niL  lUt). 

raeanlhu*     WieatUM  n*.  l.  Pirt  of  nufua  masnUlHl. 

of  Newberry — a  luge  fish  oharaoteristio  of  the  Devonian  of  Ohio. 
Ko  marine  remains  were  fonsd  in  the  bed  holding  the  Gi^AaJtupis, 
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■which  is  blackened  with  vegelable  matter  anJ  holde  many  frag- 
mante  of  land  plants  ;  but  in  shales  at  no  great  vertical  dist&Dce 
there  are  shells  of  lAngula  and  Madiomorpha,  reaembling  fipecies 
found  in  the  Hamilton  group  of  Nev  York." 

The  epecinien  (Fig.  1)  precente  in  slight  relief  a  small  OpAofiMpit, 
with  head-shiotd  and  greater  part  of  the  body,  and  is  much  flattened.  ■ 
The  shield  appears  to  be  larger  in  proportion  to  the  body  than  in  an;  J 
British  species.  The  orbits  are  not  shown,  and  the  matrix  has  not  I 
preserved  the  scales  of  the  body  with  much  distinctness,  thoogh  it  is  ' 
possible  to  make  out  the  lateral  and  marginal  aeries.  No  trace  of 
pectoral,  dorsal,  nor  caudal  fins  is  to  be  made  out.  This  species 
clearly  belongs  to  the  section  EH-cfpiaheph  as  defined  in  my  Mono- 
graph of  Ccpkala»}fid»^  Its  best  dfaaracter  as  a  species  is  to  be 
found  in  the  very  fine,  almost  granular,  tubercles  (Fig.  2)  which 
are  preserved  on  some  parts  of  the  surface,  and  represent  the 
apparently  miiversaJly  present  tuberoular  ornament  of  the  Oiteoe- 
tract.  These  fine  tubercles  are  more  minute  than  on  any  British 
Cephalatpid,  and,  though  seemingly  not  very  well  shown  in  this 
specimen,  funiish  a  specific  mark.  Amongst  other  fragments  from 
this  bed.  which  Dr.  Dawson  has  submitted  to  me,  is  a  small 
||  piece  of  tnberole  omament,  possibly  belonging  to  the 
1  same  species  of  CqaAalatpit.  In  this,  tbe  tuberclea  in 
1  r]  1  n  oulded  and  nearlj'  heniifiphcricnl.  Vorioos 
i  (,n  uts  which  cannot  be  identifier!,  Imt  aiv  jiro- 
I  f  fish  bones,  etc.,  are  amongst  the  coUectiou. 
A  ■y  fine  fish-spine — tiie  JIfacliairaeanthri'  erilcaluf — 
8  i  ftwn  nt  Fig.  3  from  a  eiiecimen  wliieb  was  also 
oVianel  n  the  sand-stones  associated  with  the  shale 
wh  h  fumiBhod  the  Cephalagpie.  Tliis  sandstone  is 
J  uffln  I  ^     ^^  ^^  ^^^  sandstone   of  Glamis,  and  other  parte 

-I  SHnJIli       f  P  rthsh  re  »nd  Forfarshire  which  furnish  Crpltalaspu ; 
1  1  t    he  shale  strongly  recalls  the  Forfarshire  shale, 
wh    h  has   furnished   Mr.    Powrie   with  his    beautiful 
C/f  /   p    Pagfi. 

1 1  e  Bj.  nes  which  occur  in  the  Comstonea  of  Here- 
fo  1  1  e  wh  ch  have  not  yet  been  worked  out,  are  of 
'  s  forms  and  are  usually  "  lumped  "  as  Oachut. 
\Q  howe  er,  appear  to  resemble  Mathairacanthu, 
V  tl  tfl  n  a  kable  keeling  like  the  petiole  of  a  sweet- 
a  I  p  oi-ose  to  call  the  new  American  Ccphalaspit 
tt  tl  11  fltrioue  geologist  who  has  allowed  it  to 
"  be  figured  1  ere  ;   Cephakispu  J^tssmi. 


Note  on  Scapsaspis  Ksbrii. 

When  at  Vienna  in  the  spring  I  was  very  anxious  to  see  Dr. 

Kner's  original  typo  of  the  genus  Pteraapia,  and  was  enabled  to  do 

80  through  tlie  kindness  of  Professor  Reuss,  who  after  some  hunting 

'  Monoyrapb  of  the  Fishea  of  thp  Old  Red  Sandetoae  of  Britain  Tit  J.  ronrif, 
F.O.S.,  and  £.  liaj  Linkeatiir.  I'lirt  I.  The  Cephala^ida,  by  £.  Kay  Lankester 
Hon.  Pal.  Soc.  1808,  p.  20,  fig.  9, 


k 


yoxiixv/an 


ITALIAN  TEKTl.«<;f  eRKtWTOVSjXiI^ 


•eUMa^/870 


ITALIAN  TERJUHK  BRACH\0¥0X1K 


JE.  Bay  Lankester — On  Seaphaspis  Knerii.  399 

(Dr.  Ener  having  lately  died)  come  upon  the  specimens.  They  had 
been  in  the  Museum  twenty  years  before  Kner  described  them ;  the 
exact  locality  from  which  they  came  is  Zalesssczyk,  on  the  Dneister, 
upon  the  borders  of  Bussia  and  Galicia ;  a  venr  inaccessible  place  and 
one  of  which  the  geology  appears  to.  be  very  little  known,  excepting 
that  there  are  both  true  Upper  Silurian  and  true  Lower  Devonian 
beds  there,  with  complete  transition.  An  odd  specimen  was  with 
the  three  bits  from  ZaJeszczyk,  which  had  not  come  with  them  and 
seemed  to  me  to  be  undoubtedly  from  Herefordshire.  The  resem- 
blance, however,  of  the  rock  in  which  the  GkJidan  specimens  were 
embedded  to  our  comstones  was  striking ;  the  figured  specimen  was 
ilk  matrix  having  a  little  mor6  of  a  limestone  character.  Ener*s 
figure,  of  which  a  woodcut  copy  is  given  io  the  Monograph  of 
CephalaspidcB,  is  bad  and  misleading.^  The  specimen  is  much  more 
like  Seaphaapts  Lloydii  than  is  the  figure,  the  central  ridge  not  being 
marked  at  all  as  I  had  thought  from  the  drawing.  In  fact,  the 
resemblance  to  80.  lAoydii  is  exceedingly  dose,. the  posterior  comera 
of  the  shield,  however,  in  the  Gkdician  species  being  somewhat 
produced,  instead  of  quite  rounded  off,  as  in^/S^.  LloydU. 

Two  interesting  things  were  noticed  in  the  specimens.  Firstly, 
that  a  form  like  PUriupis  ro%tratu%  is  also  present  in  one  of  the 
blocks ;  and,  secondly,  that  m  the  block  with  Ener*s  figured  speci- 
men there  are  marine  shells.  An  Orthoceras  is  lying  almost  against 
the  fish-shield,  which  is  very  perfect,  and  there  are  two  LamelH- 
hranchs  in  close  proximity.  We  must  not  therefore  conclude  from 
the  com- stones  and  Scotch  beds  that  the  CephalaspidcB  were  exclu- 
sively lacustrine  or  fluviatile.  The  Galician  specimen  is  tolerably 
perfect  and  has  not  been  much  knocked  about  by  sea  waves,  as  the 
Steganodictyan  fish-remains  of  Cornwall  and  Devon  seem  to  have 
been  before  deposition. — E.B.L. 


n. — On  Italian  Tebtiabt  Bbaohiopoda. 

By  Thoxa8.  Dayidbon,  F.R.S.,  F.O.S.,  btc. 
(Plates  XIX.  and  XX.) 
Continued  from  p.  370. 

23.  Terehratula  Voglianei  (Miohelotti),  PL  XIX.  Fig.  18.  Essai 
BUT  le  Miocene  Inf.  de  ritalie  Sept  p.  51,  PI.  4,  Fig.  15,  16,  1861 ; 
and  Sequenza,  Brach.  Mioc.  delle  Provincie  Piedmontesi,  1866. 

l^O  very  perfect  example  of  this  species  appears  to  have  been 
JLi  collected ;  the  one  figured  in  my  plate  was  kindly  given  to  me 
by  Sig.  Meneghini.  The  shell  is  ovate  and  smooth,  about  ten  lines 
in  length  by  nine  in  breadth ;  the  valves  are  moderately  convex, 
and  there  exists  a  deepish  sinus  in  the  ventral  valve  to  which-  corres- 
ponds an  elevation  or  fold  in  the  opposite  one.  Ter,  Voglianei  occurs 
in  a  yellowish  marl  in  the  Lower  Miocene  at  Dego,  and  along  with  it 
is  found  a  small  Ter^aiulinay  which  may  probal^y  be  a  variety  of 
T.  eapuU$erpenU», 

1  would  beg  leave  to  suggest  that  Italian  PalsBontologists  should 

^  See  Note,  preceding  page. 
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seek  for  better  examples  of  this  spedeSy  as  well  as  of  the  so-teimfid 
T.  miocenica  and  T.  an«ept,  in  order  that  ilieir  spedfio  claims  majbe 
accurately  determined. 

Sig.  Sequenza  is  now  of  opinion  that  his  T.  LyMtatut  is  a  synonym 
of  T,  minor,  and  ^t  his  T.  BenoiUana  will  require  to  be  added  to  tht 
synonyms  of  7.  sphenoidecL 

24.  Terehratula  rhomhoidea  (Biondi),  PL  XIX.,  Fig.  8.  Memorii 
prima  su  alcune  specie  Malacologiche  Sioiliane.  Atti  doll'  Aceademii 
Oioenia  di  Scienze  Naturali  di  Catania,  second  series,  toL  x.,  p.  8, 
pi.  iii.,  figs.  2  and  3,  1855. 

I  have  never  seen  a  specimen  of  this  species,  and  conaeqaently 
cannot  discuss  its  specific  daims.  I  have  reprodaoed  one  of  Sig. 
Biondi*s  figures.  The  shell  is  ovate,  smooth,  and  biplicated ;  about 
fourteen  lines  in  length  by  ten  in  width,  and  was  found  by  Sig. 
Biondi  at  Cape  Pachino,  in  Sicily,  and  in  beds  that  have  been  referred 
to  the  Eocene  period. 

25.  Terehratula  capui-eerpentis  (Linne),  PL  XIX.,  Fig.  19. 

Out  of  mere  variations  in  shape  and  age  of  this  variable  shell, 
many  so-termed  dibtinct  species  have  been  fabricated  ;  but  the 
makers  of  these  species  have  generally  failed  in  establishing  any 
really  distinctive  characters.  After  a  lengthened  examination  of  a 
number  of  specimens,  I  am  almost  disposed  to  believe  that  2*.  caput- 
serpentia  has  continued  to  exist  throughout  the  entire  TertiaTy  period, 
and  it  is  now  a  common  shell  in  many  seas.  It  is  even  probable  that 
its  ancestors  lived  during  the  Cretaceous  period.  Anyhow  it  occurs 
in  the  Lower  Miocene  at  Dego ;  in  the  Middle  Miocene  at  Grangia 
and  Gas8ino,  in  the  Hills  of  Turin ;  in  the  Upper  Miocene  at  Staizano 
(Tortonese) ;  Marmorito  (Province  of  Asti),  etc,  in  Tuscany.  It 
abuiuKls  in  the  older  and  newer  Pliocene  of  various  parts  of  Italy ; 
in  Calabria,  Sicily,  etc.  It  is  common  also  in  the  Quaternary  deposits 
of  the  same  kingdom,  in  the  south  of  France,  at  Nice,  Gibraltar,  etc. 
Some  Italian  Eocene  specimens,  as  well  as  some  from  Biarritz,  seem 
to  me  undistinguishable  from  T,  eaptU-serpenits. 

26.  Terebratulina  Tawiniensts  (Sequenza),  PL  XIX.,  Fig.  20,  20a. 
Picdmontcso  Brachiopoda,  annali  dell'  Accadeniia  degli  aspiranti  di 
Napoli,  third  series,  vol.  vi.,  pi.  iii,  figs.  1,  lo,  1866. 

I  have  seen  only  one  example  of  this  minute  shell,  and  cannot 
consequently  discuss  its  specific  claims.  It  may  very  possibly  be  no 
more  than  a  young  stage  of  T.  caput-serpentis,  Sig.  Sequenza  figured 
a  dorsal  valve  only,  but  since  then  Sig.  Bovasenda  has  found  a  com- 
plete specimen,  which  I  have  figured  in  my  plate.  It  occurs  in  the 
Middle  Miocene  of  Gassino,  a  locality  at  three  hours  distance  from 
Turin. 

27.  Terebratulina  striatula  (Sow.  ?)  PL  XIX,  F^.  21,  21a, 
Many  of  the  specimens  obtained  by  Sig.  Meneghini  and  M.  Bayan 

from  the  Eocene  beds  in  the  north  of  Italy  can  scarcely  be  dis- 
tinguished from  some  of  our  English  examples  of  T  striaiula.  It  is 
variable  in  shape,  some  specimens  being  shorter  and  broader  than 
others.  The  dorsal  valve  is  usually  uniformly  convex,  but  a  alight 
median  depression  towards  the  front  is  also  sometimes  present  in  sped- 
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mens  of  thifl  species.  The  surface  is  ornamented  by  numerous  radiating 
ribs,  with  interspaces  between  them  of  about  equal  breadth.  In  these 
interspaces  are  interpolated  one  or  two  shorter  ribs,  the  entire  surface 
being  crossed  at  intervals  by  concentric  lines  of  growth.  This  shell 
has  been  confounded  by  Baron  Schauroth  and  ot^rs  with  the  Tere- 
hraitiUna  tenuUtriata  of  Leymerie,  but  in  this  last  named  shell  the 
ribs  are  much  finer  and  more  numerous  than  in  the  species  under 
description.  T.  stricUtda  (if  I  am  correct  in  my  identification)  was 
found  by  Sig.  Meneghini,  at  Breonio,  and  by  Mr.  Bayan,  in  his 
Eocene  stages,  E.  and  F.,  at  the  Bucca  di  Scissa  and  Yal  di  Scaranto, 
nearBrendola  (Colli  Berici);  Castellunga  near  Casteldes;  Lonigo, 
and  Yal  di  Lonte  in  the  Yicentin ;  Yalle  Organa  near  Bassano ;  as 
well  as  in  his  Oligocene,  stage  G.,  at  San  Gronini  Lugo. 

28.  Terebratulina  ?  MicMottina  (Dav.),  PL  XIX.,  Fig.  22,  22a. 

Shell  small,  oval,  compressed,  longer  than  wide,  broadest  ante- 
riorly, sides  and  front  rounded ;  hinge-line  straight,  a  little  less  than 
the  width  of  the  shell ;  beak  prominent,  area  flat,  fissure  large  and 
laterally  margined  by  prominent  deltidial  plates;  dorsal  valve  semi- 
circular, elongated,  with  acute  cardinal  extremities,  very  slightly 
convex ;  surface  of  valves  ornamented  with  from  22  to  24  radiating 
rounded  ribs,  of  which  half  that  number  commence  at  variable 
distances  from  the  beaks  and  extend  to  the  front,  so  that  a  smaller 
or  shorter  rib  intervenes  between  each  pair  of  the  larger  ones.  The 
shell  is  largely  punctured ;  interior  not  known ;  length  4,  width  3, 
depth  1  line. 

Mr.  Bayan  collected  three  or  four  examples  of  this  pretty  little 
shell  in  the  Eocene,  stage  E.,  at  Mossano  (Colli  Berici)  near  Yicenza. 
It  is  remarkable  on  account  of  its  flattened  appearance,  as  well  as 
from  the  length  of  its  hinge-line. 

29.  Terd>ratula  (or  Waldheimia  f)  Hilarionis  (Meneghini  M.S.)  PI. 
XYH.  Fig.  4,  5.  Terebratula  Hilarionis  (Meneg.)  Bayan,  Bull ;  Soc. 
G^l.  de  France,  second  series,  voL  xxvii.,  p.  459.     1870. 

Shell  variable  in  shape,  nearly  circular,  a  little  longer  than  wide, 
broadest  posteriorly,  tapering  gradually  towards  the  front  which  is 
more  or  less  regularly  rounded.  Dorsal  valve  either  moderately 
and  uniformly  convex  or  with  a  slight  median  depression  in  the 
anterior  half  of  the  valve.  Yentral  valve  convex  and  slightly  deeper 
than  the  opposite  one ;  beak  small,  rounded,  and  much  incurved — 
laterally  compressed  and  keeled  along  the  middle ;  beak  ridges  sharply 
defined,  foramen  minute;  surface  of  valves  smooth;  length  15, 
breadth  14,  depth  8  lines. 

The  identification  of  this  shell  has  given  me  some  trouble,  and  I 
am  still  uncertain  whether  it  might  not  be  referable  to  a  species 
already  named.  It  bears  a  striking  likeness  to  some  forms  of  Liassic 
Waldheimia  numiBmaliBy  and  it  is  possibly  the  shell  alluded  to  by 
lyArchiac  in  the  third  volume  (p.  276,  1850)  of  his  ''Histoire  des 
Progr^  de  la  Geologic,"  under  the  designation  of  T.  suhnumamcUia  ; 
this  species  being  stated  to  occur  in  the  Eocene  beds  of  the  Eressen- 
berg,  but  as  the  Yiscount  neither  describes  nor  illustrates  his  species 
his  name  cannot  supersede  the  same  designation  given  b^  \£i^^rM  \a 
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a  well  known  Liassio  speoiea.  It  may  likewise  perhaps  be  referable 
to  one  of  tbe  species  from  the  same  leoality  desoribed  by  Sbkafhault 
in  his  work  on  the  Eressenberg  (1863),  audi  as  perhapa  to  his 
T.  pida,  but  if  so,  that  designation  had  been  preTionsly  assigned  to 
a  reoent  species,  and  conseqaently  could  not  be  retained  for  Hhe  shell 
under  description.  It  is  idso,  I  think,  the  same  species  as  liie  one, 
perhaps  incorrectly,  identified  by  Ooster  in  his  work  on  the  "  Bra- 
chiopodes  fossiles  des  Alpee  Suisses'*  (pL  ix.  1868),  under  the 
designation  of  Terebra^ula  KicJcwii,  Galeotti ;  but  Dr.  L.  de  Koninck, 
to  whom  I  sent  drawings  of  our  Italian  species,  assures  me  thai  it  is 
specifically  distinct  from  the  one  described  by  Galeotti  in  his  memoir 
**  Sur  la  constitution  Geognostique  du  Brabant,"  pL  4,  fig.  15,  1837, 
which  was  subsequently  better  figured  by  Nyst  in  his  work  **  Sur 
les  coquilles  et  Polypiers  de  Belgique,"  pi.  29,  fig.  4.  When  adult , 
2*.  Kickxii  and  its  synonyms  T,  trilohata  and  T,  lavit  are  elongated 
shells,  wide  near  the  beaks,  and  tapering  considerably  towards  the 
front ;  T,  Kickxii  occurs  in  the  sands  of  Assche  and  Gand,  and  also  in 
the  Eocene  sands  of  Cassel,  near  Dunkirk.  The  interior  of  our  Italian 
fossil  is  not  known.  Sig.  Meneghini  procured  his  specimens  from 
the  volcanic  tuffa,  or  Lower  Eocene  of  St.  Gioyanni  Barione,  in  the 
Vioentin  territory  ^  and  he  gave  to  it  the  manuscript  designation  of 
T,  Illarionis,  but  as  Mr.  Bayan  has  spelt  the  name  with  an  J?,  in  his 
published  memoir,  it  will  be  preferable  to  leave  it  so  in  this  com- 
munication. The  shell  was  found  by  Mr  Bayan  in  his  Eocene  stages 
B.  and  C.,  along  with  Nerita  Schmieddi  at  the  Val  di  Ciampo,  Croce 
Grando,  Pozza;  also  at  La  Giclielina,  near  Male,  etc.  This  rock, 
which  in  Home  places  assumes  the  form  of  a  friable  green  sand,  would 
correspond  to  the  horizon  of  the  Calcaire  grossier  of  the  Paris  basin 
(lower  part),  for  it  contains  such  shells  as  Terehellumtopitum,  Strondfus 
Barionensisy  and  other  such  species  of  that  epoch. 

30.  Waldheimia  septigera  (Loren),  PI.  XIX.,  Fig.  15,  16.  Ter. 
Bcpiigera  Loven ;  Moll.  Scand.,  p.  29,  1846 ;  and  for  figure  Dav. 
Annals  and  Mag.  of  Nat.  Hist.,  second  series,  vol.  16,  pi.  x.,  fig.  1. 
Waldheimia  peloritanaj  Sequenza,  Sicilian  Brach,  pi.  vi,  fig.  1-10. 
1865. 

Sicilian  Lower  Pliocene,  specimens  of  this  shell  were  described  by 
Sig.  Sequenza  under  the  designation  of  W,  peloritanaf  but  it  was  sub- 
sequently recognized  by  Mr.  Jeffreys,  Sig.  Sequenza,  and  myself  to  be 
referable  to  the  still  existing  WcUd.  septigera  of  Loven.  Mr.  Jeffreys 
is  still,  however,  impressed  with  the  idea  that  both  W,  septigera 
and   W,  peloritana  should  be  considered   synonyms  of  Philippics 

*  For  tbe  better  understanding  of  tbe  Yarious  Eocene  localities  referred  to  in  this 
paper,  it  may  be  mentioned  tbat  a  great  alluyial  depression  extends  between  Yiceou 
and  Scbio.  It  is  in  tbe  bill  to  tbe  west  of  this  depression  tbat  are  sitnated  Castel- 
vcccbio,  fiolca,  Cbiampo.  Malo,  St.  Giovanni  Ilanone,  Yal  di  Lonte,  Gambugliano, 
Castelgomberto,  and  St.  Urbano.  In  tbe  bills  to  tbe  east,  in  tbe  direction  of  Bassano, 
we  find  Lugo,  Laverda,  Crosara ;  and  still  furtber  to  ^be  east  tbe  Yalle  Organa  and 
Castelcies,  whicb  are  beyond  Brenta,  near  Possagno;  on  tbe  contrary  MoMsno, 
Lonigo,  and  Brendola  are  in  tbe  chain  oi  bills  known  by  tbe  name  of  Colli  fierici, 
which  extend  to  tbe  south  of  Yicenza,  and  between  tnat  town  and  the  Monti 
EugAueu 
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T.  sepiatay  but  Sig.  Sequenza  aBSnres  xne  that  the  loop  in  T,  aeptata 
sends  o£f  lateral  brandies  whidi  become  attached  to  the  septum  in 
the  dorsal  -valve  (PI.  XIX.,  Fig.  10),  while  in  W,  eepUgera  these 
lateral  processes  would  not  exist,  the  loop  retaining  the  characters 
of  Waidheimia  (PL  XIX.,  Fig.  16).  W,  sepHgera  has,  I  belieye,  been 
collected  from  the  Middle  Miocene  of  Serrayalle  di  Scrivia.  In  the 
Lower  Pliocene  at  St.  Filippo,  Oravitelli,  etc.,  near  Messina.  In  the 
Upper  Pliocene,  in  Calabria  and  Messina.  In  the  recent  State  it  has 
been  dredged  by  Loyen  at  Finmark,  and  by  Dr.  Carpenter  and  Mr. 
J.  G.  Jeffreys  at  a  depth  of  845  fathoms,  between  the  islands  of 
Shetland  and  Fceroe ;  and  again  recently  (Porcupine  expedition  by 
Mr.  Jeffreys,  at  from  165  to  175  miles  south  of  the  Scilly  isles,  and 
at  about  185  miles  from  Ushant). 

81.  Waidheimia  cranium  (Mtlller),  PI.  XIX.,  Fig.  11,  12.  Zool. 
Dan.  Prod.  p.  249,  No.  8006, 1776.  =  Ter.  etUhyra  (PhUippi),  Enum. 
MolL  Sic.,  yol.  2,  p.  68,  pL  xviii.,  fig.  8, 1844.  Macandrevia  cranium 
(King),  Proceedings  of  the  Dublin  University  Zoological  and 
Botanical  Association,  vol.  1,  part  8,  p.  201,  1859. 

Mr.  Je£&eys  has  for  some  time  past  entertained  the  opinion  that 
Ter,  etUhyra  is  the  fossil  representative  of  the  recent  Wold,  cranium 
and  Sig.  Sequenza  is  now  disposed  to  adopt  the  same  conclusion.  The 
loop  of  the  fossil  was  figured  by  Dr.  Suess  in  the  German  edition  of 
my  General  Introduction  (PL  I.  Fig.  5, 1856),  and  it  agrees  with  that 
of  W.  cranium.  Dr.  Carpenter  beHeves  that  the  deflected  portion  of 
skeleton  or  loop  is  connected  with  the  lower  portion  on  each  side  by 
a  slight  suture  that  may  be  easily  ruptured,  but  if  this  is  really  the 
case  in  all  examples,  of  which  I  am  by  no  means  certain,  it 
would  not  alter  the  main  character  or  shape  of  the  loop,  which  is 
essentially  that  belonging  to  the  genus  or  sub-genus  Waidheimia,  I 
am  well  aware  that  Prof.  W.  King  has  proposed  that  this  species 
should  serve  as  the  type  of  a  new  genus  Macandrevia^  but  I  hardly 
imagine  that  the  smaU  differences  that  it  presents  in  some  of  its 
internal  details  would  warrant  its  complete  generic  separation 
from  Waidheimia^  but  I  am  willing  to  admit  Uiat  a  difference  of 
opinion  may  be  entertained  upon  this  point,  and  I  merely  offer  my 
own  view  upon  the  subject.  The  fossil  specimens  of  W.  cranium  do 
not  appear  to  attain  quite  the  dimensions  of  the  full  grown  recent 
shell,  but  as  has  been  shown  both  by  Messrs.  MaoAndrow  and  Jeffreys, 
the  living  shell  is  a  northern  type  and  becomes  consequently  smaller 
and  more  stunted  in  its  growth  as  it  deviates  in  a  southern  direction 
from  its  more  favoured  northern  habitat ;  the  last  dwarfed  represen- 
tatives of  the  species  having  been  dredged  by  Mr.  Mac  Andrew,  at  Vigo 
Bay.  It  aboimds  in  the  recent  state  at  Uddevalla,  east  Loffoden, 
Christianiaford,  eta  In  the  older  Pliocene  it  occurs  near  Messina  in 
Sicily,  where  it  does  not  appear  to  be  very  abundant,  and  I  may 
also  observe  that  some  Sicilian  specimens  present  a  median  depression 
in  the  dorsal  valve,  which  I  have  not  observed  in  any  of  the  recent 
examples. 

82.  WcddheinUa  f  Davidsoniana  (Sequenza),  PL  XIX.,  Fig.  18,  18a. 
Sicilian  Braehiopoda,  pi.  v.  fig.  1-6, 1865. 
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In  eztemal  shape  this  small  species  mnoh  resembles  T.  iiitiior,lnit 
its  interior  is  so  dissimilar  to  it,  as  well  as  to  that  of  WaJdheiwdoy  that 
Sig.  Seqaenza  seems  to  think  that  it  will  be  neoessary  to  create  a 
sab-section  for  its  reception.  It  oocnrs  in  the  Upper  Pliocene  oi 
Gravitelli,  near  Messina. 

83.  WaldheimiafdqMre$8a(Seqvimzs),  PL  XIX.,  Yig.  14.  Sicilian 
Braohiopoda,  pi.  y.  fig.  15,  16. 

This  is  a  very  minute  shell,  to  which  the  same  palsdontologist 
had,  in  1862,  applied  the  designation  of  T.pmiUa.  Sig.  Sequenza  has 
recently  informed  me  that  it  will  be  perhaps  necessary  to  snppress  it 
entirely.  I  have  never  seen  the  shell,  nor  do  I  believe  Sig.  Sequena 
has  ever  seen  its  loop.  It  occurs  in  the  older  Pliocene  of  Bometta, 
near  Messina,  where  the  shell  appears  to  be  very  rare. 

34.  Terehratdla  septata  (Philippi),  PL  XIX.,  fig.  9,  10.  Enum. 
Moll.  Sicilias,  vol.  2,  p.  68,  tab.  zviii.,  fig.  7,  1844. 

This  shell  has  been  well  described  by  Philippi  and  Sequenza.  In 
external  shape  it  does  not  seem  to  differ  very  much  firom  W,  Beptigeroj 
but  has  its  beak  more  incurved  and  its  bea^  ridges  sharply  de&ied, 
a  diaracter  not  present  in  the  last  named  specie&  The  loop  in  T, 
aeptata  is  undoubtedly  that  of  a  Terebratella  (PL  XIX.,  Fig.  10) 
while  that  of  W,  septigera  would  agree  with  that  of  Waldkeimui.  It 
occurs  in  the  older  and  newer  Pliocene  of  Lamato  and  Nasiti  in 
Calabria,  and  abounds  likewise  in  several  localities  near  Messina. 

S5.  Terebratella  ?  SpineUii  (Meneghini),  M.S.  PL  XIX.,  Fig.  17, 

Shell  longitudinally  oval,  sides  and  front  rounded,  valves  almost 
gibbous  and  uniformily  convex  without  fold  or  sinus ;  beak  small 
and  truncated  by  a  circular  foramen ;  each  valve  is  ornamented 
with  about  22  small  rounded  simple  ribs.  Interior  not  known,  but 
on  the  exterior  of  the  dorsal  valve  a  dark  line  extends  from  the  umbo 
to  about  half  the  length  of  the  valve,  indicating  the  presence  of  an 
internal  septum,  which  may  possibly  have  afforded  a  second  attach- 
ment to  the  loop.     Length  7,  width  5^,  depth  5  lines. 

A  single  specimen  of  this  shell  was  obtained  by  Sig.  Meneghini  in 
the  volcanic  tuffas  of  the  Nummulitic  or  Eocene  formation  at 
Chiampo  in  the  Yieentin.  It  bears  much  outward  resemblance  to  some 
small  specimens  of  Terebratella  ohlonga^  but  is  a  more  inflated  shelL 

36.  Megerlia  truncata  (Linne),  Plate  XXI.,  Fig.  1,  2. 

This  is  a  well  known  but  very  variable  shell,  and  I  fear  that 
more  that  one  so-termed  species  has  been  fabricated  out  of  some  of  its 
variations.  In  external  shape  it  is  usually  more  or  less  semi-circular 
and  wider  than  long,  but  it  is  likewise  sometimes  almost  circular, 
and  more  or  less  strongly  marked  by  numerous  fine  dicbotomous 
thread-like  radii,  these  being  scarcely  visible  on  some  specimens, 
while  they  are  more  or  less  distinctly  seen  on  others ;  these  small  rihs 
are  also  granulated  in  some  specimens.  It  evidently  existed  during 
the  Miocene  and  Pliocene  periods,  and  is  a  common  shell  in  the 
Mediterranean.  In  the  Miocene  it  occurs  at  Grangia,  in  Piedmont, 
and  was  found  also  in  the  same  formation  in  Tuscany  by  Sig. 
Meneghini.  It  is  very  common  in  the  older  and  newer  Pliocene  of 
^^  Calabria  and  Sicily,  nor  is  it  a  rare  fossil  in  the  Island  of  Malta,  at 
^kblTK^,  Oibraltar,  and  in  many  o\]b!bT  ^\aca«« 
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36.  ^hgerUa  MUa  (Michelotti),  PL  XXL,  Tig.  3,  OrlhU  MiU 
(Miohelotti),  FossQeB  des  TerrainB  Miocenes  de  I'ltalie  Septentrionale 
p.  78,  pL  2,  fig.  3. 

I  am  vezy  doubtful  whether  this  BO-termed  species  be  distinct  from 
Jf.  inmeata,  but  as  Sig.  Michelotti  seems  to  be  so  strongly  impressed 
with  the  idea  that  it  possesses  differences  of  specific  value,  I  will 
provisionallj' record  it  under  its  distinctive  appellation.  I  have  not 
myself  seen  more  of  it  than  a  ventral  valve,  and  consequently  must 
not  pronounce  a  decided  opinion  upon  the  subject  Its  sur&oe, 
according  to  Sig.  Michelotti,  would  be  smooth  and  marked  by  con- 
centric lines  of  growth  only.  It  occurs  in  the  Middle  Miocene  of 
the  Hill  of  Turin. 

37.  Megerlia  (/)  arbieularU  (Meneghuii),  M.S.,  PL  XXL,  Fig.  4,  ia. 
Shell  small,  circular,  about  as  wide  as  long;  dorsal  valve  most 

convex  at  the  umbo,  gently  concave  towards  the  front;  ventral  valve 
uniformly  convex,  beak  incurved,  foramen  large.  Surface  marked 
with  numerous  thread-like  striss.  Interior  not  known.  Length  and 
breadth  about  five  lines.  Two  examples  of  this  small  shell  were 
found  by  Sig.  Meneghini  in  the  Upper  Miocene  of  St  Dabnazio 
(near  the  Pomarane),  and  at  Palazzo,  near  Siena.  I  have  not  seen 
the  shell  but  several  very  fine  drawings  of  it  were  kindly  forwarded 
to  me  by  the  distingni^ed  palaeontologist  above  named.  I  should 
not  be  surprised  if  M,  oblita  and  if.  orbicularis  were  varieties  only 
of  M,  iruncaUi, 

38.  Platidia  (Morrisia)  anonUaidea  (Scacchi  Sp.),  PL  XXL,  Fig. 
15.  Orthis  anamioidea  (Scacchi  and  Philippi).  Enom.  Moll.  Sicil., 
vol.  2,  p.  69,  1844.  Platidia  anamioidea  (Costa).  Fauna  del  regno 
di  Napoli,  p.  48,  pi.  iiL,  fig.  4,  and  pL  iii  hia.,  fig.  6,  1852. 

This  well-known  species  occurs  fossil  in  the  Lower  Pliocene  in 
various  localities  near  Messina,  and  is  found  alive  in  the  Mediter- 
ranean. Mr.  Jeffreys  dredged  one  or  two  large  examples  between 
Shetland  and  the  Fssroe  Islands  (Porcupine  Expedition,  1869).  It 
had  also  received  the  name  of  appreaaa  from  £.  Forbes. 

39.  Platidia  (Morriaia)  Davidaoni  (Deslongchamps),  PL  XXL, 
Fig.  16.  Morriaia  Davidaoni  (DesL).  Annals  and  Mag.  of  Nat 
Hist,  second  series,  vol.  16,  pi.  x.,  fig.  20,  1855. 

Some  examples  of  this  species  were  found  by  Sig.  Sequenza  in  the 
Quaternary  deposits  of  Trapani  in  Sicily,  and  it  is  found  alive  in  the 
Mediterranean. 

40.  Argiope  deeoUcUa  (Chemnitz.  Sp.),  PL  XXI,  Fig.  5,  5a,  and 
6,  7,  8.  ? 

This  is  a  very  variable  species  and  seems  to  have  enjoyed  a  con- 
siderable vertical  as  well  as  horizontal  range.  Its  first  appearance 
(if  we  correctly  identify  some  small  specimens,  PL  XXI.,  Fig.  6,  7,  8, 
found  by  M.  Bayan)  would  take  place  in  the  lower  part  of  his 
Eocene  stage  F.  This  same  shell  was  also  found  by  Sig.  Michelotti 
in  the  Lower  Miocene  of  St.  Liberia  in  the  Yicentin  territory.  It 
occurs  in  the  Middle  Miocene  of  the  Hill  of  Turin,  and  is  not  rare 
in  beds  of  the  same  epoch  in  Tuscany..  It  was  found  along  with 
Crania  o^normtj,  in  a  sand  near  the  Hospital  of  St  Golombano^  a 
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looality  situated  on  a  small  hill  in  tiie  plain  of  Lcnnbardy,  and  in 
the  territoiy  of  LodL  This  sand  is  a  continnation  of  the  Hiooene 
of  the  Parmesan  and  Plaisentin,  a  spot  celebrated  horn  the  oooor- 
renoe  of  beautiful  specimens  of  HaUotU  moniUfera.  It  occurs  like- 
wise, according  to  Sig.  Meneghini,  in  the  Upper  Miocene  of  Parlasoio 
and  Palazzo  in  Tuscany ;  at  Monte  Gibio  and  near  Measina.  In  the 
Older  and  Newer  Pliocene,  it  is  a  common  fossil  in  Tuscany,  in 
Galabriay  and  especially  near  Messina.  It  has  been  collected  from 
Ac  quaternary  deposits  of  Italy  and  is  alive  in  the  Mediterranean. 
It  will  also  be  seen  from  one  or  two  of  our  figures  that  sometimes, 
after  having  attained  a  certain  period  of  its  growth,  the  extennon  of 
the  ribs  is  suddenly  stopped  (PL  XXI.,  Fig.  6-8),  the  shell  con- 
tinuing to  extend,  but  without  reproducing  any  of  its  ornaments; 
this  I  have  also  noticed  to  be  the  case  in  several  recent  examples  of 
the  same  species. 

41.  Argiope  coattdata  (Sequenza),  PI.  XXL,  Fig.  9,  9a,  95.  Pied- 
montese  Brachiopoda.  Annali  dell'  Accad.  degli  Aspiranti  Naturalisti 
di  Napoli,  third  series,  vol.  vL,  pi.  2,  fig.  2,  1866. 

I  know  very  little  about  this  species  (?),  which  seems  to  approach 
by  its  external  and  internal  characters  to  Argiope  etmeaia  of  Bisso. 
Its  single  septum  in  the  dorsal  valve  removes  it  at  once  from  A. 
deeoUata.  A  single  example  was  found  by  Big.  Bovasenda  in  the 
Middle  Miocene  of  Baldissero  in  Piedmont.  More  specimens  wiU 
have  to  be  collected  and  examined  before  its  specific  claims  can  be 
properly  ascertained. 

42.  Argiope  cuneata  (Hisso).  Histoire  Nat.  des  Principales  pro- 
ductions de  TEurope  M^ridionale,  vol.  iv.,  p.  388,  fig.  179,  1826. 

This  species  is  stated  by  Sig.  Sequenza  to  occur  in  the  Quaternary 
deposits  of  Sicily,  but  as  I  have  never  seen  any  fossil  specimens  I 
caunot  do  more  than  to  record  his  statement  It  is  found  alive  in 
the  Mediterranean. 

43.  Argiope  NeapoliUma  (Scacchi  sp.),  PI.  XXI.,  Fig.  10.  Scacohi 
Oss.  Zool.,  p.  18,  1833,  and  Philippi  Enum.  Moll.  Sicil.,  vol.  i.,  p.  vL, 
fig.  16,  1836. 

Two  or  three  specimens  of  this  well-known  species  were  found  by 
Sig.  Meneghini  in  the  Pliocene  of  Siena.  When  quite  young  it  does 
not  always  exhibit  those  two  or  four  rounded  ribs  which  occur  in 
middle-aged  and  adult  individuals,  and  in  this  early  condition  may 
be  sometimes  mistaken  for  A,  lunifera  or  A,  ciatellula.  I  am,  there- 
fore, uncertain  whether  the  minute  specimen  (PI.  XXI.,  Fig.  11) 
which  was  found  by  Sig.  Meneghini  in  the  same  deposit  and  locality, 
and  which  was  identified  by  him  with  the  A.  variolata  (Sold.), 
(Saggio  Tav.  160,  fig.  293)  may  not  be  referable  to  one  of  the  above- 
named  species.  In  his  work,  ''  Fauna  del  Begno  di  Napoli,*'  pi.  iiL, 
fig.  6,  Prof.  Costa  has  figured  a  specimen  of  A.  Neapolitana  wiliiout  ribs. 

44.  Argiope  lunifera  (PhUippi),  PI.  XXI.,  Fig.  12.  TerebratuU 
(afterwards  Orthis)  lunifera  (Philippi).  Moll.  Sicil.,  vol.  i.,  p.  97, 
and  pi.  4.  fig.  16,  a.  &.,  1836.  Argiope  ciateUula  (Wood.,  Sequenza). 
Sicilian  Brachiopoda,  p.  71,  pi.  viii.,  fig.  7. 

Mr.  Jeffreys  assures  me  that  after  a  careful  study  of  the  TerdfrO' 
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itda  lunifera  and  Argiape  eiaiellida,  he  has  arrived  at  the  conclusion 
that  they  are  both  referable  to  a  single  species.  Sig.  Sequenza 
quotes  A,  eUteUula  from  the  Lower  Pliocene  of  Bometta  and  Milazzo, 
near  Messina;  it  is  also  found  in  the  Quaternary  deposits  of  the 
same  island,  and  is  alive  in  the  Mediterranean. 

45.  ArgiopelomB  (Sequenza),  PL  XXI.,  Fig.  13,  13a.  Pied- 
montese  Brachiopoda.  Amiali  dell'  Accad.  degli  Aspiranti  Naturalist! 
di  Napoli,  third  series,  voL  vi.,  pi.  3,  fig.  2,  1866. 

Whether  this  species  be  distinct  from  the  A.  lunifera  or  A.  ciiteU 
lula  has  still  to  be  determined.  Sig.  Sequenza  observes  that  it 
approaches  to  the  last  named  species,  as  well  aa  ix>  A.  Neapolitana, 
but  most  so  to  ^.  megaloeephala  (Sandberger).  It  was  found  by  Sig. 
Bovasenda  in  the  Middle  Miocene  of  Ghrangia  in  the  Hill  of  Turin. 

46.  Argiape  (f )  BaoaeeMdina  (Dav.)  PI.  XXL,  Fig.  14, 14a.  b.  c.  d. 
Shell  minute,  compressed,  almost  circular,  wider  than  long,  sides 

and  front  rounded,  ventral  valve  slightly  convex,  beak  hardly  pro- 
jecting and  gently  incurved ;  hinge-line  straight,  rather  more  than 
half  the  width  of  the  shell ;  hinge-area  triangular,  flat ;  foramen 
large,  laterally  margined  by  a  deltidium.  Dorsal  valve  semicircular 
and  very  slightly  convex,  less  deep  than  the  opposite  valve,  and 
most  convex  at  the  umbo ;  cardinal  angles  obtuse,  hinge-area  narrow. 
Surface  smooth,  marked  only  by  a  few  concentric  lines  of  growth ; 
shell  largely  punctured.  Length  2J,  width  3,  depth  1  line.  I  have 
examined  five  examples  of  this  interesting  little  species,  which 
were  found  by  M.  Bayan  in  his  Oligocene  stage  I.  or  bed  with 
Bryozoa  at  Monte  Sgreve  di  Sant  Urbane,  and  not  far  from  Yicenza. 
In  these  beds  occur,  likewise,  many  examples  of  Scutella  aubrotunda. 
None  of  the  specimens  exhibit  the  interior  so  that  I  cannot  feel 
certain  with  reference  to  the  genus  to  which  it  should  be  referred. 
It  has  much  of  the  external  size  and  shape  of  some  forms  of  Platidia 
or  Morrtsia,  but  does  not  show  the  horse-shoe  shaped  aperture  in  the 
smaller  valve,  so  characteristic  of  that  genus.  I  have  consequently 
provisionally  left  it  with  Argtope. 

47.  Thecidium  Mediterramum  (Bisso),  PL  XXI,  Fig.  17,  17a,  5, 
18,  19.  Bisso  Hist.  ^at.  des  Principales  Productions  de  TEurope 
Meridionale,  vol.  iv.,  p.  344,  1826.  Thecidium  testudinarium  (Miche- 
lotti).     Annali  delle  Scienze  del  Begno  Lombardo-Yeneto,  1840. 

This  is  a  well-known  species,  and  I  had  occasion  to  describe 
several  of  its  varieties,  both  recent  and  fossil  in  the  Qeolooioal 
Maoazinb,  Vol.  I.,  1864,  to  which  the  student  is  referred. 
Specimens  agreeing  with  those  from  the  Lower  Miocene  or  Oligocene 
of  Bemburg  have  been  found  by  M.  Bayan  at  Gambugliano  and 
Crosara  in  the  upper  portion  of  his  Eocene  stage  F.  The  same 
geologist  has  also  procured  it  from  his  stage  H.  at  Castel  Groberto, 
this  last  locality  being  situated  in  the  upper  portion  of  his  Oligocene 
<5r  Lower  Miocene  of  Lyell.  In  the  Middle  Miocene  it  occurs  in 
abundance  in  the  Hill  of  Turin,  at  Parlascio  in  Tuscany,  and  is  alive 
in  the  Mediterrauean.  It  is  not  rare  in  the  Island  of  Malta,  at 
Peyrehorade  (Landes),  and  in  several  other  continental  localities. 

(To  bi  ooneluM  m  th9  Oetobw  Nwndm.^ 
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EXPLANATION  OF  PLATES  XIX.  AND  XX. 

PULTS  XZX. 

Fio.   1.  TgrthrmttiUffnmdit  (Blum.),  Pliocene,  MonU  Mario,  Robul 

2.  Terebratula  mw^^uUa  (Broedii  ),  Sp.,  after  Broochi'a  original  fignre,  Pia- 

centino. 

3.  Tirebrattda  Rtgnolii  (Ifen^.),  Upper  Mio«ene,  Ptelaacio,  and  firom  a 

drawing  by  Sig.  Meneghmi.    Hu  oollectiosL 

4.  TtrArat%da  Monnoni  (Men^.),  from  a  drawing  bj  Meni^iBL     Hii 

collection.    Pliocene,  Hilb  of  Pisa. 
6.  TerthrattUa  LyeUiona  (Seqnensa),  Pliocene,  SieilT. 
6,  7.  Ttrehratula  Oakottma  (DaT.),  Middle  Miocene,  Oaarino. 
8.  Ttrebrat%ila  rkomboidta  (Biondi),  Eocene?  Gape  Paehino,  Sicily,  afler 
Biondi. 
9,  10.  T$rebraieUa  $eptatm  (Philippi^.     9.  Eztetior;    10.   Interior  of  doMl 

YalTe,  Older  Pliocene,  Messina. 
11,  12.   Waldheimia  cranium  (MtUler)  *=  T.  tuthyra  (Philippi).     11.  Exterior; 
12.  Interior  of  dorsal  Talre,  enlarged  from  a  ngnre  by  Dr.  Suess. 
Older  Pliocene,  Messina. 
13, 13a,  Waldh$imia  f  Davidtoniana  CSeq.).     13.   Exterior ;    18a.  Interior  of 
dorsal  valTe,  enlarged  after  Seonenza.    Upper  Pliocene,  Messina. 
14.  Waldheimia  f  depreua  (Scq.),  Older  Pliocene,  Messina,  after  Sequenss. 
16,  16.  Waldhtimia  tiptioira  (LoTcn)  s  W.  pehriiana  (Seq.).     15.  Exterior ; 
16.  Interior  of  dorsal  Talre.    Lower  Pliocene,  near  Messina. 

17.  TirtbrattUa  P  SpinMii  (Meneg.),  Eocene,  Cbiampo,  collection  of  Sig. 

Meneghini. 

18.  Terebratula  Voglianei  (Micbelotti),  Lower  Miocene,  D^. 

19.  Terebratulina  eapuiserpentit  (Linn6)  Middle  Miocene,  Grangia,  collection 

of  Sig.  Borasenda. 

20,  20a.  Terebratulina  Taurinieneis  (Seq.),  Middle  Miocene,  Gaasino,  collection  of 

.  Sig.  RoTasenda.    20a.  Enlarged. 

21,  21a.  Terebratulina   ttriatula  (Sow  ?),    Eocene,  Valle  Organa,   environs  of 

Bassano.    Mus.  of  Imp.  School  of  Mines,  Paris.    21a.  Enlarp^ed. 

22,  22a.  Terebratulina  Miehelottina  (Day.),  Eocene,  Colle  Berici.      Mus.   Imp. 

School  of  Mines,  Paris.    22a,  ^,  e.  Enlarged. 

PLATE  XX. 

¥iQ.\y2,^,  Rhynehmella  hipartUa  (Brocchi),  after  drawings  by  Sig.  Meneghini 
Upper  Miocene,  Palazzo,  near  Siena.    His  collection.     2  and  3.  Var. 
plicatO'dentata  of  Costa. 
4,  4a.  Rhynehonella  Boleensit  (Massalongo),  Eocene,  Bolca.    Mas.  Imp.  School 
of  Mines,  Paris.     4a.  Enlarged. 
6.  Rhynehonella  eomplanata  (Brocchi),  Middle  Miocene,  Gassino. 

6.  Rhynehonella  tieula  (Seq.),  M.S.,  Older  Pliocene,  near  Messina. 

7.  Rhynehonella  Meneyhiniana  (Dav.),  Eocene,  Bolca,  collection  of  Sig. 

Meneghini. 
8,  13.  Rhynehonella  Buehii  (Michelotti^,  different  forms  and  ages.     13.  Rhyn- 

ehoneHa  deformata  (Seq.),  Miadle  Miocene,  Hill  of  Turin. 
14,  19.  Rhynehonella  polymorpha  (Massalongo),  different  yarieties  and  ages.  Eo- 
cene, Monte  Spilecco,  near  Bolca,  Zoto  di  Castelvecchio,  etc.,  from 
different  collections. 


ni. — On  the  Transition  Beds  between  the  Detonian  and 

Silurian  Books. 

By  Alfred  Mabston,  Esq.,  Lndlow. 

THE  transition  or  passage-beds  between  any  two  large  formar 
tions  are  always  difficult  to  make  out,  and  those  between  the 
Old  Red  Sandstone  and  the  Silurian  are  no  exception  to  the  rula. 
Much  light  has  recently  been  thrown  upon  the  latter,  yet  much  more 
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is  needed  before  the  exact  order  and  position  of  their  different  beds 
can  be  considered  as  finally  decided. 

I  include  in  these  <*  transition  beds"  all  from  the  top  of  the  Upper 
Ludlow  to  some  thin  flaggy  micaceous  sandstones,  which  I  consider 
the  base  of  the  Old  Bed.  The  junction  of  these  beds  with  the  Old 
Bed  Sandstone  may  be  observed  in  the  section  on  the  Shrewsbury 
and  Hereford  Bailway,  near  the  Ludlow  Tunnel,  and  also  at  the  Tin 
Mills  near  Downton.  The  lowest  of  these  transition  beds  is  the 
Downton  Sandstone,  the  commencement  of  which  I  would  fix  at  the 
Plaiy9eh%9ma  bed,  which  is  a  well  defined  line,  and  where  it  partakes 
in  some  measure  of  the  Upper  Ludlow  character  of  rock.  Tlie  prin- 
cipal fossils  found  in  it  are  Lycopodiaceous  seeds,  Ptertupis  Banhii^ 
P.  iruncatusy  Eurypterw  linearis,  Pterygotus  PffoSy  P.  Panksiiy  Leper- 
ditia  marginata,  Pegrichia  Klcedeni,  Annelids,  Carbonaceous  remains,  a 
species  of  ModiokpsiSf  and  Zingula  cornea.  Of  these  fossils,  Zeper- 
ditia  marginata  has  not  been  found  in  the  Upper  Ludlow,  and  Ewryp- 
UruSf  PterggotuSf  and  Pteraspis  are  much  more  abundant  in  the 
Downton  Sandstone  than  in  the  underlying  rock ;  all  of  which  fossils 
reach  their  greatest  development  in  the  thin  band  occurring  about 
300  feet  higher  up,  called  the  Olive  or  Tin  Mill  Shale.  Eurypterus 
linearis  has  been  found  in  the  Upper  Ludlow,  a  few  feet  below  the 
Downton  Sandstone,  and  just  above  occurs  the  Bone  Bed,  a  stratum 
from  1  to  6  inches  thick,  composed  of  firagments  of  fish  and  crusta- 
cean remains. 

The  Downton  Sandstone  is  composed  of  fine  yellow-coloured  sand- 
stone, deposited  in  a  tranquil  sea,  the  currents  of  which  for  long 
periods  carried  the  same  materials;  it  had,  therefore,  everything 
fiavourable  for  the  preservation  of  its  organic  life.  Between  this 
rock  and  the  next  to  be  described  occurs  a  series  of  different  coloured 
bands  of  sandstone,  showing  great  irregularity  in  their  formation, 
i^hich  is  not  favourable  to  the  preservation  of  their  fossil  contents, 
and  consequently  in  these  beds  we  find  a  scarcity  of  organic  remains ; 
I  only  know  of  one  organism  obtained  from  them,  the  small  Beyriehia. 
The  next  bed  is  a  greenish-grey  sandstone,  strongly  micaceous ;  the 
only  fossils  that  have  yet  been  found  in  it  being  Cephalaspis  Murchi- 
9oni,  Zingula  cornea,  and  a  few  Carbonaceous  remains.  This  bed  may 
be  observed  in  position  in  the  lane  leading  from  Onibury  to  Norton, 
and  at  the  Tin  Mills  near  Downton. 

We  next  come  to  the  Olive  shales,  which  are  thin  light-brown  argil- 
laceous beds,  very  brittle  and  full  of  fossils,  and  these  latter  generdly 
occurring  in  thick  masses.  About  the  centre  of  these  beds  is  the 
Upper  Bone  Bed,  from  whence  very  fine  spines  of  Onchus  Murchisoni^ 
Onehus  tenuistriatus  have  been  procured,  also  fragmentary  remains  of 
Cephalaspis  Murehisoni,  C  amatus,  Auehenaspis  Salteri,  eta  From 
the  Olive  or  Tin  Mill  Shale  has  been  procmred  Pterygotus  Banktii^ 
£urypterus  pygtnauSf  E.  megalops,  and  E,  aeuminatus;  Zeperditia  nutr- 
ginatOy  BeyricMa  sp.  remains  of  plants,  a  species  of  Aetinophyllum^  a 
new  Modiolopsis  and  Zingula  cornea.  The  best  sections  at  present 
known  may  be  seen  on  ^e  Shrewsbury  and  Hereford  Bailway,  at 
the  Tin  Mills,  and  near  Onibury. 
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Lnmediatdy  above  the  Olive  Shale  is  a  hard  band  of  ^pargk 
xnicaoeouB  grit,  fall  of  laige  specimens  of  Lingula  camsa^  this  bed  is 
well  exposed  at  Ihe  Tin  Mills.  Lying  above  these  purple  beds  is  a 
bed  of  grey  sandstone,  very  barren,  the  only  remains  yet  bronght  to 
light  being  Lingula  cornea  and  oarbonaceons  markings,  and  these 
very  scarce  and  imperfect  This  bed  may  be  best  examined  near 
Onibory.  Immediately  above  this  last  xx>ck  are  the  thin,  flaggy, 
mioaoeoos  sandstones,  the  base  of  the  Old  Bed,  in  which  beds  not  a 
single  trace  of  organic  life  has  yet  been  observed ;  yet  I  have  no 
donbt  that  further  search  will  be  rewarded  by  the  discovery  of 
traces  of  PterygottUy  Fteraspu,  and  CephaUupU^  as  they  are  found 
both  below  aiid  above  them,  and  consequently  must  have  lived  not 
very  far  off  during  the  period  of  their  deposition. 

IV. — On  a  New  Laboe  Tkrebratula  ogcukring  in  East  Anolia. 
By  £.  Bat  Lamkbstbb,  BJL.,  Coutts  Greological  Scholar,  Oxford. 

(With  a  Wood  Engraving.) 

rBi  forms  which  Mr.  Davidson  in  his  invaluable  Monograph  has 
included  under  T.  avotdet,  are  so  various  that  it  would  be 
possible  to  refer  the  shells  figured  in  the  plate  to  that  species,  but 
since  T.  trilineata,  from  the  Inferior  Oolite,  and  T.  lata  and  T.  ovoidet, 
from  drift-blocks — which  I  shall  endeavour  to  show  are  of  the  very 
latest  Jurassic  horizon — are  very  different  in  many  respects,  I  prefer 
to  give  a  new  name  to  this  form,  which  may  find  its  place  near  T, 
avoides  and  T.  simplex.  The  specimen  drawn.  Fig.  1  and  la,  is  from  the 
collection  of  Mr.  Roper  of  Lowestoft,  who  obtained  it,  with  another 
specimen,  from  a  gravel-pit  at  Thorpe  in  Suffolk.  It  has  the  general 
simple  form  of  T.  ovoidet,  but  is  remarkable  for  its  great  size.  The 
imperforate  valve  is  flattened  in  the  mesial  line,  whilst  the  perforate 
valve  is  deep  and  raised  into  a  well-pronounced  keel  in  the  mesial 
line  extending  from  the  beak ;  the  foramen  is  small.  The  specimen 
figured  is  longer  than  the  other  in  Mr.  Roper's  collection,  which  has 
the  shorter,  squarer  form  of  Fig.  2,  resembling  T.  simplex.  This 
fine  Terehratula  may  be  known  as  T,  rex. 

In  the  British  Museum  and  in  the  Ipswich  Museum  are  portions  of 
a  block  crowded  with  a  IWehratula,  The  block  was  found  by  Mr. 
Charlesworth  in  a  gravel-pit  near  Snape  in  Suffolk.  The  specimens 
in  the  fragment  in  the  British  Museum  present  a  family  likeness  to 
T,  reXf  but  they  are  shorter,  squarer,  and  fuller,  the  imperforate 
valve  being  slightly  convex.  The  block  which  contains  them  is 
evidently  the  same  matrix  as  that  which  embedded  i\Ir.  Roper's 
T,  reXi  whilst  Mr.  Roper's  specimens  are  like  unwieldy  examples 
of  Sowerby's  T.  ovoides — bearing  the  same  relation  to  the  well- 
marked  specimens,  such  as  Mr.  Rose's  from  Stow-Bardolph,  Na 
44,503  in  the  British  Museum  as  do  the  irregular  gigantic  speci- 
mens of  T,  depressa  from  Upware  to  the  beautiful  and  really  elegant 
T,  nervietisis  of  Belgium.  It  is  difficult  to  look  upon  the  specimens 
from  Snape  in  this  way,  and  the  late  Dr.  Woodward  had,  we  find, 
indicated  T,  homologaster  (a  Brown  Jura  species  from  Wiirtembuig 
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reflembling  T.  simpl&x)  as  their  nearest  ally.  If  we  look  upon  tiiem, 
however,  as  a  square  or  stumpy  variety,  suoh  as  we  have  in  T,  pero- 
vaUs  commonly  enough,  it  is  possible  to  associate  them  with  T.  rex, 
especially  since  some  specimens  in  Mr.  Charlesworth's  blocks  bridge 
over  the  differences. 

Besides  these  specimens  from  Thorpe  and  Snape,  we  have  Mr. 
Bose's  specimens  from  Stow-Bardolph,  all  from  drift;  the  last- 
named  being  undoubtedly  typical  and  very  beautifully  marked 
roeoimens  of  Sowerby's  T,  ovaides.  It  becomes  an  interesting  ques- 
tion as  to  what  bed  has  furnished  these  various  Terehratula  to  the 
East  Anglian  drift.  If  Mr.  Davidson  be  right  in  putting  the  Whitby 
T.  trilineata  with  Sowerby's  T.  ovaides,  it  would  seem  that  an  Inferior 
Oolite  should  have  furnished  the  specimens  of  Suffolk  erratics.  Mr. 
Davidson,  however,  says  that  there  is  considerable  obscurity  about 
the  geological  horizon  of  the  species,  and  that  it  probably  existed 
in  various  Jurassic  epochs,  and  certainly  is  not  Cretaceous.  Some 
evidence  tending  to  clear  up  the  question  of  the  source  of  the  speci- 
mens of  T.  avotdee,  lata,  and  rex,  has  come  to  hand  from  Cambridge. 
In  the  Lower  Greensand  bed  at  IJpware,  which  has  furnished  sooh 
beautiful  Brachiopoda  and  so  many  derived  remains  from  the  Upper 
Oolites,  casts  of  a  very  large  Terehratula  have  been  found  which 
were  at  one  time  thought  to  be  connected  with  the  Cretaceous  T, 
eUpreaa  there  found,  or  with  the  strongly  keeled  T,  ( Waldheimia) 
Woodwardii  discovered  there,  which  they  resembled  in  being  carinate. 
My  friend,  Mr.  Eiurwaker,  of  Merton  College,  Oxford,  showed  me  a 
considerable  series  of  these  large  caste,  and  that  drawn  in  Fig.  2  is 
one  of  his  specimens.  It  is  evident  from  their  water- worn  stete 
that  they  have  been  derived  from  an  earlier  deposit,  and  the  resem- 
blance they  bear,  in  their  carinate  perforate  valve  and  depressed  im- 
perforate valve,  to  Mr.  Boper's  specimens  of  T,  rex  is  obvious. 
That  drawn  in  Fig.  2  is  about  the  size  and  form  of  one  of  the  square 
specimens  in  the  British  Museum  block  from  Snape,  whilst  others 
of  a  more  elongate  form  (like  Fig.  1)  were  also  in  Mr.  Earwaker's 
possession.  Mr.  Earwaker  has  abo  drawn  my  attention  to  some 
Terehratula  which  he  and  Mr.  Harry  Seeley,  of  Cambridge,  knocked 
out  of  a  block,  in  company  with  other  fossils,  at  Herrmiere  on  the 
Cam,  not  far  from  Upware.  These  specimens,  one  of  which  is 
drawn  in  Fig.  3,  promise  to  decide  the  geological  horizon  of  T.  rex, 
O0oides,  and  lata;  for  there  can  be  no  doubt  that  the  specimen  in 
Fig.  8  is  the  same  species  as  that  drawn  in  Fig.  1 ;  the  carination  of 
the  one  valve,  depression  mesially  of  the  other,  and  small  foramen, 
agree  in  the  two.  The  matrix  in  which  this  specimen  occurred  is  a 
fine  sandstone  conglomerate,  closely  resembling  the  matrix  from 
Thorpe  and  Snape,  and  having  small  black  pebbles  scattered  in  it 
Mr.  Seeley  informs  me  that  it  is  in  situ  beneath  the  bed  of  the  Cam, 
between  Ely  and  Upware,  and  is  often  dredged  up  there.  The  fossils 
which  came  from  the  block  which  he  broke  with  Mr.  Earwaker, 
including  species  of  Belemnites,  Trigonia,  etc.,  agree  with  the  strati- 
naphical  position  of  the  bed,  as  the  very  highest  of  the  Oolites, — 
rortlandian,  if  the  name  be  applicable  to  this  part  of  the  country, — 
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intermediate  between  the  Neocomian  and  Kimmeridge  clay  of  the 
district  This  being  the  case,  there  can  be  little  doubt  that  a  con- 
siderable mass  of  such  Oolitic  strata  has  been  broken  up  by  the 
eastern  drift ;  and  what  is  more  interesting  is  that  this  very  same 
action  was  going  on  at  the  time  that  the  Greensand  sea  spread  its 
nmnerous  Brachiopoda  over  the  Upware  shore ;  then,  as  in  the  far 
laiter  period,  this  Portlandian  deposit  furnished  its  fossil  T&rehratukBy 
such  as  those  from  Upware,  to  mix  with  the  reptiles  from  the  Kim- 
meridge below  and  the  yet  recent  shells  and  the  bits  cmd  pebbles 
from  all  the  northern  ooast-line. 

EXPLANATION    OF    FIGURES  (page  412). 

Fio.  1.     Ter$bratula  rex,  Lankeater,  from  <* Drift"  Orayel-pit,  Thorpe,  Suffolk,  in 
the  collection  of  Mr.  Boper,  Lowestoft. 
„     la.  Side  yiew  of  same. 
„     2.    T.  yvr,  from  Upware,  in  the  oollection  of  Mr.  Earwaker,  Merton  College, 

Oxford. 
„     3.    T.  reXf  Herrmiere  on  the  Cam,  near  Upware. 

„     4.     T.  ovoides,  Shy.  **  Drift"  Stow-Bardolph,  Downham.    Collected  hy  C.  B. 
Rose,  Esq.,  and  presented  to  the  British  Museum. 

(All  natural  site.) 


Y. — Catalogue  of  thk  Mammalian  Fossils  which  have  been 

HITHEBTO  DISOOYEBED  IN  IsELAND.^ 

By  RoBBBT  H.  Scott,  M.A.,  F.R.S. 

[Note.— -In  the  June  Number  of  the  Gboloqigal  Magazine  for  the  present  year, 
page  253,  we  published  an  article  by  Prof.  Harknoss,  F.R.S.,  **  On  the  oocurrence  of 
Elephaoi-remains  in  Ireland."  Having  since  had  our  attention  directed  to  the  sub- 
joined paper  by  Mr.  Robert  H.  Scott,  F.R.S.,  we  have  requested  and  obtained  the 
anther's  permission  to  publish  it  in  our  Journal,  as  we  beliere  it  to  be  the  only  Cata* 
logue  of  Irish  Fossil  Mammalia  extant,  and  it  well  deserves  to  be  more  widely 
known. — Edit.  Gbol.  Mao.] 

INASMUCH  as  the  subject  of  the  Fossil,  or  rather  Sub-Fossil 
^lammalia  of  Ireland,  has  been  brought  rather  prominently 
before  the  notice  of  the  Society  during  the  past  two  sessions,  I  have 
oonsidered  that  it  might  not  be  devoid  of  interest  to  our  members,  if 
I  were  to  place  on  record  the  various  genera  and  species  of  that  class 
of  which  remains  have  been  hitherto  found  in  Ireland.  Such  a  com- 
munication as  this  does  not  make  any  claim  to  originality,  and  I  shall 
endeavour,  as  far  as  I  can,  to  give  my  authority  for  every  statement 
of  a  fact  which  will  be  embodied  in  this  Catalogue.  The  chief  sources 
£rom  which  the  information  has  been  derived  are  Dr.  Scouler's  papers, 
in  our  "  Journal,"  and  those  by  Dr.  Ball  and  Sir  W.  Wilde,  in  the 
"  Proceedings  of  the  Royal  Irish  Academy." 

The  following  list  contains  those  of  which  notices  remain  on  record :' 

1.  Urtus  arctoi.  8.  Ursus  nutrUimui, 

2.  tpekfui.  4.  Cants  lupus, 

>  Appendix  to  the  Annual  Report  for  1864,  read  before  the  Geological  Society  of 
DnbHn,  February  10,  1864. 

<  For  a  list  of  British  Fossil  Mammalia,  etc.,  see  paper  by  H.  Woodward,  entitled 
«<  Man  and  the  Mammoth ;  being  an  account  of  the  animals  found  associated  with  ^^ 
early  man  in  prehistorio  times."    Gbol.  Mao.,  1869,  Vol.  VI.,  p.  68. — £&tt.  m^B 
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5.  SqthtUftp.  11.  Oennu  §U^hm$. 

6.  Hippopotamut,  12.  MeptietroM  Hibtrmau. 

7.  Stuterofa,  18.  Tdumdmromgifir, 

8.  Boifrontotut,  14.  C^vtf,  «|>/ 

9.  i?(w  Umgifinnu.  16.  Cetainant, 
10.  GsTPHf  a^l0«t. 

In  this  Catalogue  I  do  not  attempt  to  place  on  record  the  dromn- 
stances  under  which  the  remains  have  been  foond,  unless  in  a  few 
instances.  To  the  list  which  I  have  given  some  more  might  be 
added ;  but  these  I  do  not  consider  to  deserve  the  title  of  fossilB,^ 
such  are  the  Fallow  Deer,  with  many  instances  of  Cetacean  remainB. 
On  this  point  I  need  only  remind  the  members  that  a  few  years  ago 
an  Armadillo  was  discovered  walking  about  in  a  field  in  the  county 
of  Meath,  having  been  thrown  out  of  a  travelling  menagerie,  in  an 
apparently  dying  condition.  Another  similar  instance  is  to  be  found 
in  the  case  of  the  skeleton  of  the  Lion  which  was  found  in  the  county 
of  Carlow.  Fortunately,  before  the  account  of  this  addition  to  our 
Irish  fossil  Fauna  was  quite  ready  for  publication,  an  old  man  turned 
up  who  remembered  the  fact  of  a  dead  Lion  having  been  thrown  out 
of  a  menagerie  some  sixty  years  before,  which,  after  being  skinned, 
was  buried  in  the  field. 

Bears. — Three  species  of  bears  have  been  hitherto  discovered  in 
Ireland,  and  the  progress  of  geological  discovery  has  been  more  rapid 
in  respect  of  this  animal  than  of  any  other.  In  1843,  Dr.  Scouler 
noticed  that  no  Bears  had  been  observed  in  Ireland,  and  in  the  year 
184G  the  discovery  of  no  less  than  four  skulls  had  been  placed  on 
record.  There  is  no  record  of  the  existence  of  Bears  in  Ireland,  as 
is  remarked  by  Dr.  Scouler  in  his  paper  on  the  animals  which  have 
disappeared  from  Ireland.*  The  oft-quoted  statement  of  St.  Donatus, 
who  died  in  840,  is  considered  conclusive  on  this  point : — 

**  Ursonim  rabies  nulla  est  ibi,  sseva  Iconum 
Semina  nee  ucquam  Scotica  terra  tulit, 
Nulla  vcnena  nocent,  nee  serpens  serpit  in  herb& 
Nee  conqucsta  canit  garruta  rana  Lacu." 

The  remaining  evidence  on  the  subject  is  entirely  negative,  and  is 
derived  from  Giraldus  Cambrensis  and  others.  On  the  other  hand, 
Sir  W.  Wilde'  mentions  that  there  is  an  Irish  name  for  the  animal  in 
an  old  glossary  in  the  Library  of  Trinity  College,  and  Thompson 
mentions  the  existence  of  traditions  of  the  animal. 

In  tracing  the  fossil  Bears,  I  have  derived  much  assistance  from 
my  friend.  Dr.  W.  Frazer,  one  of  our  members,  who  has  interested 
himself  much  in  the  matter. 

Ursus  arctos. — Tlie  first  Bears'  skulls  were  obtained  by  Mr.  Under- 
wood, who  said  that  he  found  two  in  the  county  of  Longford,  in 
1846.     Those  were  bought  by  A.  W.  Baker,  Esq. 

Dr.  Ball  was  permitted  to  take  casts  of  the  two  skulls,  which  he 
presented  to  the  Royal  Irish  Academy  in  1846 ;'  and  at  the  same 
time  he  presented  a  cast  of  a  third  skull,  which  was  in  the  possession 

*  "  Journal  of  the  Geological  Society  of  Dublin,"  vol.  i.,  p.  228, 

*  "  Proceedings  of  the  Royal  Irish  Academy,"  vol.  vii.,  p.  198. 
3  «  Proceedings  of  the  Boyal  Irish  Academy,"  toL  iv.,  p.  416. 
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of  Mr.  Cooke,  of  ParsoiiBtowii,  and  is  now  in  the  British  Museum.  It 
was  found  in  deepening  a  river  near  Colonel  Bernard's  property,  in 
the  King's  County.  These  casts  are  now  at  the  Eoyal  Dublin  Society 
These  skulls  Dr.  Ball  pronounced  to  be  those  of  the  bro¥ai  Bear, 
U.  aretoa,  and  in  this  opinion  he  was  confirmed  by  Professor  Owen, 
to  whom  he  submitted  casts  of  the  skulls. 

Mr.  Gray  discovered  the  skull  of  a  bear,  as  described  in  the  ac- 
companying letter : — 

"  Clonliffe  Parade,  January  24,  1863. 

**  Mt  Dbar  Doctor, — ^Tbe  bear's  head,  to  which  you  referred  in  your  letter  of  the 
10th  instant^  was  found  a  little  above  Leinster  Bridge,  in  the  barony  of  Carberry,  and 
county  of  KUdare.  It  was  imbedded  in  peat  or  sand,  about  4  feet  oelow  the  surface, 
in  a  sort  of  Talley  or  hollow,  through  which  the  River  Boyne  flowed ;  and  if  you 
refer  to  the  fifth  volume  of  the  *  Proceedings  of  the  Royal  Irish  Academv,*  p.  53  of 
the  Appendix,  you  will  find  a  report  of  mine,  describing  a  lot  of  articles  found  while 
engaged  in  the  arterial  drainage  of  some  important  rivers  in  Kildare,  Meath.  West- 
meat^  and  the  King's  Coun^.  These  are  all  in  some  de^ee  descriptive  of  the 
locality ;  and  if  you  are  following  up  the  subject,  you  may  denve  some  ideas  from  the 
facts  I  have  stated.  The  bear's  head  was  got  along  with  a  great  quantity  of  the 
bones  and  heads  of  the  deer ;  and  they  were  collected  together  in  a  position  that 
would  give  the  idea  of  their  having  been  floated  together,  and  deposited  in  an  eddy 
or  still  bend  of  the  river.  There  were  a  quantity  of  the  bear's  bones  along  with  the 
head  when  it  was  found,  but  they  were  destroyed  by  the  men  who  found  them, 
although  they  were  not  much  dUeomposed.  Some  of  them  were  very  short  and 
strong — ^not  such  as  you  mentioned  to  me,  but  were,  perhaps,  nine  inches  in  circum- 
ference, and  about  15  inches  in  length.  They  were  destroyed  by  the  men  having 
used  them  to  knock  the  earth  out  of  the  barrows,  etc.,  by  striking  them  till  broken. 

'*  There  was  no  marl  in  the  neighbourhood.  If  you  refer  to  pa^e  35  of  Appendix 
to  vol.  y.  of  the  Royal  Irish  Ac^emy's  *  Proceedings,'  before  referred  to,  you  will 
have  a  description  of  the  locality.  The  bone  dirk  (No.  15)  alluded  to  was  found 
about  half  a  mile  or  less  below  where  the  bear's  head  was  got,  and  in  the  same 
riyer-course. 

**  I  suppose  you  have  seen  the  skull ;  it  is  in  the  Museum  of  the  Academy,  and  I 
suspect  about  the  most  perfect  of  its  class.  Any  other  information  I  can  afford  you 
relative  to  such  matters  will  afford  me  much  pleasure ;  and  I  trust  you  will  excuse 
my  not  having  replied  to  your  letter  before  this. — ^Yours  faithfully, 

"  William  Frazer,  Esq.,  M.D."  •*  Richard  A.  Gray. 

It  was  presented  by  him  to  the  Royal  Irish  Academy,  among  the 
donations  from  the  Board  of  Works,  and  is  now  at  the  Boyal  Dublin 
Society.     It  is  figured  by  Sir  W.  Wilde.  ^ 

In  March,  1859,  Mr.  Brenan  and  Dr.  Carte  discovered  some  re- 
mains of  TJ,  arcios  ;  among  others,  a  mutilated  cranium,  in  the  cave 
at  Dungarvan.*  The  other  bones  were — the  left  lower  jaw,  the 
atlas,  two  cervical,  two  dorsal,  and  two  lumbar  vertebrae,  with  several 
broken  ribs. 

About  the  year  1860,  Mr.  Going,'  of  Violet   Hill,   Broadford, 

1  "Proceedings  of  the  the  Royal  Irish  Academy/*  vol.  t.,  App.,  54,  viL 

*  "Journal  of  the  Royal  Dublin  Society,*'  vol.'ii.,  p.  451. 

5  On  applying  to  Mr.  Going  for  further  information  on  this  subject,  I  received  the 
following  letter,  which  he  has  kindly  permitted  me  to  print : — 

"Violet  Hill,  Brojidford.  June  20,  1864. 

"  Sir, — I  beg  to  acknowledge  the  receipt  of  your  letter  of  the  17th  inst.,  and  will 
feel  happy  at  affording  you  an  the  information  I  can  relative  to  the  finding  of  the 
animal  remains  you  alluae  to  in  this  locality. 

"  Some  years  since,  my  men,  in  draining  a  small  boggy  hollow,  found  a  quantity 
of  bones  under  the  bog,  in  the  blue  clay.  The  bones  were  evidently  those  of  some 
animal  wmch  larger  than  any  dog,  being  stronger  in  proportion  to  their  ku.^^k^v&&.  ^ 
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county  of  Clare,  discovered  a  skull,  about  twelve  incdies  lon^  and  of 
the  shape  of  the  skull  of  U.  arctoa} 

Lastly,  within  the  last  year,  Mr.  W.  H.  Gregory,  M,P.,  of  Coole 
Park,  near  Gort,  kindly  ofifcred  to  examine  the  caves  in  his  park 
with  Mr.  Jukes,  who  has  furnished  me  with  the  following  aooonni 
About  100  yards  from  the  mouth  of  the  cave,  which  is  in  low  ground, 
and  full  of  water  in  wet  weather,  a  crust  of  stalagmite  was  broken 
through.  This  was  in  some  places  eight  or  ten  inches  thick ;  under- 
neath it  was  an  irregular  mass  of  fine  brown  clay,  from  two  to  four 
feet  thick.  After  di^ng  out  a  great  quantity  of  this  clay,  without 
finding  anything  at  aU,  the  bones  of  a  small  animal  were  at  length 
met  with,  and  among  them  a  small  fragment  of  a  jaw,  with  two 
teeth  in  it.  Tliis  fragment  was  aflerwards  examined  by  Mr.  Blyth, 
and  the  teeth  said  to  be  the  hindmost  false  molar  (or  camassial),  and 
the  next  false,  or  premolar,  of  a  young  Bear  ( Uraus  aretoa),  being 
the  deciduary  or  milk  teeth  of  the  right  side  of  the  upper  jaw.* 

U,  apelaua. — Portions  of  the  skeleton  of  this  species,  probably  of  a 
female  specimen,  were  discovered  among  the  other  bones  found  at 
Shandon,  Dungarvan.  The  cranium  was  not  discovered,  but  the 
bones  which  were  found  exhibited  the  marked  characteristics  of 
U.  spelteua. 

U.  maritimus. — At  the  January  meeting  of  the  Society,  Dr.  Carte 
announced  the  discovery  of  a  few  bones  of  an  animal  belonging  to 
this  species  at  Lough  Gur.  The  recollection  of  this  paper  is  so  fresh, 
that  I  need  hardly  remind  you  of  it  The  account  will  be  found  at 
p.  114,  vol.  X.,  of  the  **  Journal."  In  this  case,  as  in  the  foregoing, 
the  cranium  has  not  yet  been  found. 

In  Archdeacon  Maunsell's  well-known  letter  about  the  skeleton  of 

exactly  similar,  as  far  as  I  and  some  friends  could  iudge,  to  the  skeleton  of  a  large 
hear.  The  nkuU  was  ahout  twelve  inches  long,  hut  tne  nose  part  was  hroken  off,  and 
very  much  rcst-mhled  the  shape  of  a  Badger's  skull,  hut  ahout  the  nze  of  a  largi' 
Bear's.  Most  unfortunately,  I  regret  to  state,  these  hones  were  not  preserved.  The 
skull  was  kept  for  some  time,  hut  has  heen  lost ;  hut  for  which  I  should  have  much 
pleasure  in  sending  it  for  your  examination.  Near  the  place  where  these  bones  were 
found,  in  a  few  days  after,  two  large  tusks,  ahout  eieht  or  nine  inches  long  each,  were 
also  turned  up,  with  several  teeth  also,  hesides  some  hones  and  skulls  of  other  animals, 
which  were  lound  in  a  hog.  in  a  wood,  when  raising  some  large  b/aek  oak  trees,  several 
feet  under  the  eurfnce.  The  latter  skulls  rcsemhle  the  Arst  alluded  to,  but  were  of 
smaller  size.  I  reeret  \CTy  much  now  that  I  have  not  preserved  them,  with  the  ex- 
ception of  an  Elk's  head  and  antler,  which  1  have  heard  stated  is  the  largest  found  in 
this  county,  hut  not  in  the  same  place  in  which  other  remains  were  discovered.  All 
those  alluded  to  were  clearly  belonging  to  extinct  animals. — I  have  the  honour  to 
remain.  Sir,  vour  obedient  servant, 

»  R.  n.  Scott,  Esq."  «<  W.  Qunr  Ooiwo. 

>  Explanation  to  Sheet  133  of  the  Map  of  the  "Geological  Surrey  of  Ireland,"  p.  34. 

'  With  reference  to  this  identification,  I  have  to  subjoin  the  following  letter,  re- 
ceived since  from  Mr.  Jukes  : — 

<'  Dublin  May  10.  1 864. 

"Mt  dear  Mr.  Scott, — I  took  over  to  London  the  other  day  the  teeth  which 
were  found  in  Coole  Park*  and  which  Mr.  Blyth  informed  me  were  those  of  a  young 
brown  FU'ar,  and  asked  Professor  Iluxley  to  give  me  an  opinion  upon  them.  lie  ex- 
amined them,  and  said  they  belonged  to  a  young  pig.  So  this  case  of  the  occurrence 
•f  Urtut  areto9  in  Ireland  fails. — Yours  very  tnily,  "J.  B.  Jukbs.*' 
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the  MegaeeroB  at  the  Boyal  Dublin  Society's  Museum,  printed  in  Dr. 
Carte's  pamphlet,  he  mentions  the  discoyery  of  a  head  of  a  large 
dogv  at  least  of  a  carnivorous  animal,  which  was  found  with  the  Deer 
at  Bath-cannon,  county  of  Limerick.  It  has  been  supposed  by  some 
to  have  been  a  Bear ;  but  Archdeacon  Maunsell  would  hardly  have 
called  it  a  Dog,  if  it  did  not  closely  resemble  a  Dog's  skull. 

Cants  lupus. — ^The  remains  of  Wolves  an'd  Dogs  can  hardly  be 
distinguished  one  from  the  other.  There  are  several  skulls  of  a 
canine  type  which  have  been  found  in  Ireland ;  some  of  them  are 
said  to  be  those  of  Wolves.  Several  of  those  specimens  were  obtained 
from  Dunshaughlin. 

The  date  of  the  extinction  of  Wolves  is  well  known.  In  1641, 
they  were  extremely  troublesome.  In  1662,  a  coimcil  order  of 
CromweU's  government  was  made  at  Kilkenny,  which  prohibited 
the  export  of  Wolf-dogs ;  and  the  reward  for  a  bitch  Wolf  was  £6 ; 
for  a  dog,  £5.  Smith,  in  his  "History  of  Kerry,"  says  the  last  was 
killed  there  in  1710.  Mr.  Hardiman,  the  editor  of  O'Flahertie's 
"Description  of  lar-Connaught,"  pp.  10  and  180,  gives  some  infor- 
mation on  the  subject,  and  says  that  the  date  of  the  death  of  the  last 
Wolf  in  that  district  was  1700,  as  far  as  he  could  ascertain. 

Elephas  prtmtgenius, — In  the  year  1715,*  four  teeth  of  an  Elephant 
were  foimd  by  Mr.  Francis  Nevil,  at  Maghery,  eight  miles  from  Bel- 
tarbet,  in  sinking  for  the  foundation  of  a  mill.  The  finder  did  not 
know  to  what  animal  the  teeth  belonged,  but  suspected  tbem  to  be 
Elephants'  teeth ;  and  this  opinion  was  placed  beyond  a  doubt  by 
Dr.  Thomas  Molyneux,  in  an  interesting  letter,  which  follows  the 
original  communication. 

In  the  year  1859,*  Mr.  E.  Brenan,  of  Dungarvan,  discovered  a 
(xmsiderable  portion  of  the  skeleton  of  an  Elephant  in  the  cave  at 
Shandon,  near  that  town.  The  bones  were  associated  with  those  of 
Bears  and  numerous  other  mammals. 

In  addition  to  these  remains,  Smith,  in  his  **  History  of  Waterford," 
p.  58,  mentions  the  discovery  of  the  rib  of  an  Elephant  within  a  mile 
of  Whitechurch,  not  far  from  Dungarvan.  He  gives  a  figure  of  the 
rib,  on  a  reduced  scale,  and  it  appears  to  resemble  the  rib  of  a  Whale. 
It  is  quoted  by  Professor  Oldham,  in  a  paper  read  before  the  Geolo- 
gical Society  of  Dublin,  on  the  12  th  of  June,  1844,^  as  the  rib  of  a 
Whale,  without  any  reason  being  assigned  for  its  being  so  called. 

Hippopotamus. — ^When  the  Ordnance  Survey  was  in  progress  in  the 
county  of  Antrim,  in  the  vicinity  of  Carrickfergus  a  tusk  of  a  Hippo- 
potamus was  found  by  a  son  of  Mr.  P.  Doran,  as  will  be  seen  from 
the  accompanying  letter,  which  I  have  received  from  my  friend.  Dr. 
David  Moore,  the  Curator  of  the  Glasnevin  Botanical  Gardens : — 

"  Olasnevin,  February  6,  1864. 
*'  Mt  Dear  Sik, — I  have  a  clear  recollection  of  the  circumstance  you  mentioa 
about  the  tooth  being  found  near  Carrickfergus.    Mr.  J  ukes  applied  to  me  some  time 
ago  to  famiah  him  with  all  the  information  I  could  on  the  subject,  which  I  did.    The 

1  Boate,  **  Natural  History  of  Ireland,"  p.  128.     See  also  Phil.  Trans.  toI.  xxix. 

'  *'  Journal  of  the  Royal  bublin  Society,"  vol.  ii.,  p.  261. 

3  M  joimil  of  the  Geological  Society  oi  Dublin,"  ^oi.  ni.,  p.  *IQ. 
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ocearrence  hAppened  as  follows : — la  18S7»  oir  office  was  in  the  Infiuitrj  BameVs, 
at  Belfast  I  nad  attached  to  m  j  party  seTeral  assistants,  one  of  whom  was  the  sot 
of  Mr.  Patrick  Doran,  the  mineral  collector,  whom  I  sent  to  Garrickfergos  to.coUeet 
plants,  birds,  fossils,  etc.  In  his  peregrinations  he  picked  np  the  tooth  in  qnesdoo, 
on  the  side  of  a  stream,  about  a  mile  or  less  north-west  of  the  town,  on  the  rising 
ground  towards  the  mountain.  He  described  it  to  mo  as  baring  been  partly  sticking 
out  from  a  bed  of  gravel.  I  went  to  see  the  place  afterwards,  and,  unless  the  locality 
be  greatly  altered  since,  would  easily  find  it  again.  I  gave  the  specimen  (as  was  mi 
duty)  to  General  Portlock,  who  was  then  the  cemmanoing  officer  of  the  Oeologicil 
and  Natural  History  Departments. — Faithfcdly  yoois, 
'*  R.  H.  Scott,  Esq."  "  D.  M00B&" 

Sub, — ^A  great  number  of  Pigs'  skulls  have  been  discovered,  espe- 
cially in  Lough  Our.  These  all  belong  to  the  old  Irish  long-faced 
variety,  which  is  now  fast  disappearing.  Many  of  them  show  the 
mark  of  the  pole-axe  on  the  forehead. 

BovidcB. — As  regards  the  bovine  animals,  it  has  long  been  known 
that  there  are  in  Ireland  two  well-marked  species  of  Oxen,  whose 
remains  are  found  fossil. 

The  gigantic  species  which  is  found  in  England,  Ba$  primigeniui, 
does  not  occur  here,  or  at  least  has  not  been  as  yet  discovered.  The 
two  species  which  are  found,  and  of  which  specimens  were  presented 
by  the  Boyal  Irish  Academy  to  the  Boyal  Dublin  Society,  are  the 
Bosfrentoaus  of  Nilsson,  and  the  smaller  species.  Boa  longifiwM. 
Several  of  the  skulls  exhibit  the  mark  of  the  pole-axe. 

In  a  recent  communication  made  to  the  Royal  Irish  Academy,* 
Mr.  Blyth  stated  that  the  skulls  which  he  found  here  were  exacUy 
similar  to  those  found  at  Uriconium. 

Cervida.  Cervua  a  Ices. — A  horn  of  the  true  Elk  is  said  by  Thomp- 
son to  have  been  found,  in  the  county  of  Tyrone,  by  a  relative  of  his 
own.  It  was  dug  out  of  a  bog  near  Stewartstown,  and  was  presented 
to  the  Natural  History  Society  of  Belfast  Mr.  Thompson  mentioned 
the  discovery  in  the  "  Proceedings  of  the  Zoological  Society  of  Lon- 
don" for  1837,  and  this  notice  was  copied  into  his  "  Natural  History 
of  Ireland."' 

Cervus  megaceros, — ^The  instances  of  the  discovery  of  this  animal 

*  "  Proceedings  of  the  Royal  Irish  Academy,"  vol.  viii ,  p.  472. 

•  With  reference  to  this,  Dr.  Carte  has  received  the  following  letters  from  3fr. 
Robert  Patterson,  of  Belfast,  which  he  has  permitted  me  to  print : — 

"  Belfast.  February  10,  1864. 
**Mt  Dear  Sir, — As  my  friend,  Mr  Hyndman,  knew  better  than  myself  about 
the  elk's  horn  in  the  Museum,  I  sent  him  your  letter,  and  enclose  his  reply. 

*'  Dr.  Carte."  "Yours  very  sincerely,  Robbrt  Pattebson. 

"*  February  9,  1864. 

"  *  My  Dear  Sir,~I  have  examined  the  elk^s  horn  in  the  Museum,  and  I  think 
the  freshness  of  it  and  the  perfection  of  the  points  or  tangs,  forbid  the  supposition 
that  it  could  over  have  remained  any  lengthened  time  in  the  bog.  Besides  toe  paint 
upon  it,  mentioned  by  Thompson,  there  is  a  round  hole  bored  through  the  broad 
plate  of  the  horn,  showing  that  at  some  period  it  had  been  put  up  as  an  ornament  in 
•ome  person's  hall.     It  must  have  got  into  its  position  in  the  bog  by  some  nccidenU 

*»  *  Robert  Patterson,  Esq.* "  "  *  Yours  very  truly,  Geobob  C.  Htnoman. 

This  opinion  of  Mr.  Hyndman  has  derived  additional  confirmation  from  a  com- 
munication  which  I  have  received  from  a  friend  of  mine,  Mr.  Bernard  R.  Ross, 
P.R.G.S.,  of  the  Hudson's  Bay  Company's  Service,  who,  on  examining  the  horn, 
pronounced  it  to  be  a  North.  Americoa  specimen,  and  of  no  great  antiquity. 
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are  bo  nnmeiom,  that  I  sball  only  gtve  a  few  oases  of  their  being 
found  in  juxtaposition  with  bones  of  other  animals  and  with  other 
artioles. 

It  IB,  however,  necessary  to  examine  evidence  of  this  nature  with 
great  care  before  receiving  ft  In  the  course  of  a  discussion  which 
took  plaoe  before  this  Society  on  the  11th  December,  1861,^  some 
&ct8  of  interest  were  elicited.  Dr.  Petrie  said  that  he  had  in  his 
possession  an  iron  sword  which  had  been  found,  with  the  bones  of  a 
MBgaceroty  in  the  county  of  Meath ;  and  Mr.  Baily  referred  to  the 
disoovexy  of  remains  of  the  Megaeero^  which  were  found  with  spear- 
heads and  pottery  in  a  lake,  in  the  canton  of  Berne,  in  Switzerland, 
as  mentioned  by  Professor  Morlot  The  discovery  of  jet  rings  with 
the  specimen  in  the  Museum  of  the  Royal  Dublin  Society,  as  noticed 
by  Archdeacon  Maunsell,  was  also  alluded  to.  Two  quotations  from 
the  ''  Book  of  lismore"  have  also  been  recently  brought  under  our 
notice,  in  which  the  chase  of  a  large  deer,  supposed  to  be  the 
Megacero8,  is  described.  One  of  these  was  read  on  the  evening  to 
which  we  are  referring,  and  the  other  in  the  course  of  Dr.  Carte's 
paper  on  Lough  Gur,  which  appears  in  this  volume  of  the  "Journal.'* 

In  a  paper  by  Mr.  H.  Denny,  of  Leeds,'  "  On  the  Claims  of  the 
GHgantic  Irish  Deer  to  be  considered  as  contemporary  with  Man," 
there  is  a  long  discussion  on  this  subject,  from  which  I  extract  the 
following  statements,  which  I  have  not  verified  personally : — ^The 
leg  of  a  MegaeeroBy  with  a  portion  of  the  tendons,  skin,  and  hair  on 
it,  was  found  in  the  county  of  Wexford,  on  the  estate  of  H.  Qrogan 
Morgan,  Esq.,  at  Johnstown  Castle.  This  specimen  was  sent  to  the 
Boyal  Dublin  Society,  and  was  exhibited  by  Mr.  Peall,  Professor  of 
Veterinary  Surgery,  at  his  lectures.' 

A  very  scarce  book — a  '*  History  of  Ireland,"  which  is  said  to  be 
by  Peppard,  published  in  the  seventeenth  century  —  contains  a 
statement  to  tiie  effect,  that  the  andent  Irish  lived  on  the  flesh  of 
a  great  black  Deer ;  and  similar  information  is  said  to  have  been 
obtained  by  the  late  Sir  W.  Betham  from  some  brass  or  bronze  tablets 
containing  an  inscription.  This  fact  was  mentioned  by  Mr.  Glennon, 
of  Suffolk-street,  who  with  Mr.  Bichardson,  carried  on  a  long  dis- 
cussion on  this  subject  in  1846,  in  the  '*  Zoologist,"  and  elsewhere. 
Several  instances  of  the  finding  of  bones  of  the  Megaceroi  in  com- 
pany with  other  remains,  are  given  by  Mr.  Denny,  to  whose  paper 
I  must  refer  you.  In  addition  to  the  facts  and  statements  just 
quoted,  there  is  the  evidence  which  may  be  derived  trom  the  existence 
of  cuts,  &c.,  on  antlers  and  bones  of  tiie  giant  deer,  which  was  dis- 
cussed at  considerable  length  by  Mr.  Jukes,  and  by  the  members  who 
were  present  when  his  paper  was  read,  in  December  last.' 

It  will  be  seen  frt>m  what  I  have  mentioned,  that  the  evidence  on 

1  *«  Joanal  of  the  Geological  Society  of  Dublin,"  vol  ix.,  p.  339. 

*  **  Proceedingf  of  the  Geological  and  Polytechnic  Society  of  the  West  Riding  of 
Torkihire,"  toL  iiL,  p.  400. 

>  Uafortmiately,  thu  specimen  appean  to  hare  been  mislaid,  and  cannot  now  be 
fomid. 

«  Jomiud  G«oL  Soc  I>ablin,  toI.  z.  p.  127. 
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this  subject  is  in  an  unsatisfactory  state :  and  althoagh  it  is  oertaia 
that  the  date  of  the  extinction  of  the  Ifegacerat  in  Ireland  is,  geolo- 
gically speaking,  very  recent,  yet  it  is  a  matter  of  opinion  as  to 
whether  man  was  or  was  not  the  agent  of  its  extermination. 

Cervus  elaphus. — ^The  fossil  Eed  Deer  is  as  abundant  as,  and  evea 
more  so  than,  the  preceding  species.  Some  of  the  antlers  found  an 
very  magnificent  One  obtained  from  Ballinderry  Lake,  county  of 
Westmeath,  presented  to  this  Society  by  Mr.  Hamilton,  in  1843,  had 
nineteen  points.  A  hundred  years  ago  they  were  still  very  abundant 
in  Erris  and  in  Kerry.  In  the  ninth  century,  Giraldus  speaks  of 
them  as  very  fat,  and  therefore  unable  to  escape  from  their  foes; 
and  O'Flahertie,  in  his  ''  Description  of  West  Oonnaught,"  written  in 
1G84,  mentions  them,  p.  121.  They  are  generally  known  under  the 
name  of  Marsh  Deer,  and  Professor  Haughton  is  of  opinion  that  they 
are  a  variety  of  the  Bed  Deer. 

Cervus  Dania. — Among  the  bones  presented  by  the  Royal  Irish 
Academy  to  the  Boyal  Dublin  Society,  there  is  a  fragment  of  an 
antler  of  a  Fallow  Deer,  described  as  an  antler  of  a  young  Bed  Deer 
in  the  ''  Catalogue  of  Unmanufactured  liemains."  This  is  evidently 
not  a  fossil,  as  the  date  of  the  introduction  of  the  Fallow  Deer  into 
the  Continent  of  Europe  is  known.  Thompson  mentions  the  dis- 
covery of  a  Fallow  Deer  in  a  bog  in  the  county  of  Antrim.  The 
specimen  was  in  his  possession. 

A  skeleton  of  a  Fallow  Deer,  with  a  silver  collar  round  its  neck, 
was  found  at  the  same  time  as  Mr.  Cook's  Bear's  skull,  before  re- 
ferred to.     It  liad  belonjced  to  some  member  of  Lord  Bosse's  family. 

Tarandus  rangifer. — The  history  of  all  the  specimens  of  this  animal 
which  have  been  discovered  in  Ireland  was  read  before  the  Society  in 
May,  18G3,  by  Dr.  Carte,  and  is,  printed  in  vol.  x.  of  the  **  Journal." 
p.  103. 

Ovis. — In  the  collection  of  Mammalian  remains  at  the  Boyal  Dub- 
lin Society,  which  have  been  deposited  there  by  the  Boyal  Irish 
Academy,  there  are  several  skulls  of  Sheep,  and  a  few  Goats'  skulls. 
Of  the  Sheep  there  are  two  well  marked  types — one  possessing  several 
horns,  like  the  polycerate  Sheep,  at  present  existing  in  Iceland,  and 
the  other  identical  with  the  horned  Sheep  of  the  Highlands  of  Scot- 
land, according  to  the  notice  published  by  Dr.  Blyth,  and  before  re- 
ferred to.  The  same  authority  considers  the  Goat's  skulls  to  be  very 
recent 

Cetaceans, — Professor  Scouler  found  the  rib  of  a  Whale  in  the  marl 
beds  of  Wexford,  as  mentioned  in  his  Presidential  Address  for  1844.' 
In  addition  to  this,  remains  of  the  smaller  Cetaceans  are  not  uncom- 
mon in  localities  near  the  sea-side.  There  is  a  vertebra  of  a  small 
Whale,  or  perhaps  of  a  Porpoise,  among  the  fossil  bones  in  the  Boyal 
Irish  Academy's  collection.  On  this  subject  I  may  observe  that  a 
shoal  of  Ca'ing  Wlialos  was  driven  ashore  some  years  ago  on  the 
sands  to  the  west  of  Horn  Head ;  the  skeletons  were  buried  in  the 
sands. 

^  Journal  Gcol.  Soc.  Dublin,  yoI.  iii.  p.  18. 
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YL — ^Bkplt  to  M.  jywLkvJfXY'B  OvBcmnrs  to  the  latb  Mm. 
Hopkins'  Mxthod,  of  DcmuinnNO  ths  THicKNsas  of  ths 
Earth's  Ckust,  bt  thk  PBBcnsioar  and  Nutation  of  ths 
Earth's  Axis.    By  Ardideaooii  Pratt,  M.A.,  F.R.&,  rtc. 

To  tMe  Editor  of  (ks  Geological  Magazine.^ 

Sir, — Having  lately  read  the  translation  of  a  paper  by  M.  De- 
ladnay  in  your  Hagazinb  of  NoTember,  1668,  Vol.  Y.,  p.  507,  and 
your  commendatoiy  notice  of  that  gentleman's  views  regarding  the 
late  Mr.  Hopkins'  method  of  estimating  the  thickneiis  of  the  earth's 
crost  by  Precession  and  Natation,  I  beg  to  send  yon  a  paper  in  which 
I  have  endeavoured  to  vindicate  that  method  and  to  point  out  where 
M.  Delaunay  appears  to  have  mistaken  it.  Mr.  Hopkins  was  no 
average  mathematical  physicist,  and  was  not  likely  to  have  advanced 
a  theory  to  be  so  easily  refuted,  as  M.  Delaunay *8  paper  would  im- 
press readers  not  well  versed  in  mathematical  physics. — 1  am,  etc., 

May  29,  1870.  ^^^^  ^  JTRATT. 

It  b  only  two  days  ago  that  I  saw  for  the  first  time  M. 
Delaunay 's  strictures  ^  upon  the  late  Mr.  Hopkins'  method  of  ascer- 
taining the  least  thiclmess  of  the  Earth's  Crust  by  means  of 
the  phenomena  of  Precession  and  Nutation,  although  I  had  pre- 
viously seen  a  notice  that  such  strictures  had  been  laid  before  the 
Prench  Academy.  Having  now  that  gentleman's  paper  before  me, 
I  write  to  endeavour  to  convince  your  readers  that  the  point  of  Mr. 
Hopkins'  reasoning  has  been  altogether  missed,  and  that  his  method 
stands  altogether  unimpaired  by  these  strictures. 

2.  I  am  ready  to  allow,  and  so  would  Mr.  Hopkins  have  allowed, 
that  if  the  crust  of  the  earth,  revolved  round  a  steady  axis,  always 
parallel  to  itself  in  space,  and  if  at  some  particular  epoch  a  differ- 
ence existed  between  the  rate  of  movement  of  the  crust  and  of  the 
fluid  within  it,  the  resulting  friction  would  gradually  destroy  this 
difference  and  bring  about  a  conformity  in  the  motion  of  both  parts. 
I  will  even  go  further,  and  allow  that  the  effect  of  the  internal 
friction  and  viscidity  of  the  fluid  may  be  such  that  the  resulting 
rotary  motion  may  be  the  same  as  that  which  the  whole  mass  would 
have  had  at  the  epoch  if  it  had  suddenly  become  one  solid  body  and 
thereby  suddenly  retarded  the  rotation.  This,  before  proceeding,  I 
will  illustrate  by  an  example  for  the  use  of  your  mathematical 
readers. 

d.  Suppose  a  spherical  shell  or  crust  of  mass  C  to  have  within  it 
a  solid  spherical  nucleus,  of  radios  6  and  mass  N,  fitting  it  exactly ; 
and  the  crust  to  receive  an  angular  velocity  of  rotation  around  an 
axis  fixed  in  the  crust,  the  nucleus  at  that  moment  having  no  angular 
velocity;  but  suppose  that  a  slight  force  of  friction  between  the 

1  We  gladly  pablish  Archdeacon  Pratt's  reply  to  M.  DeUonay,  which  appears,  by 
aome  error  on  the  part  of  the  author,  to  haye  been  inadyertently  sent,  in  the  first 
instance,  to  Uie  FhmwphiMl  Magazine^  in  which  it  appeared  in  July  last — Edit. 
OsoL.  Mao. 

^  Translated  in  the  Giolooigal  llASkhxan^  NoTember,  ISSS^  YoU  Vn^«  ^^"^^ 
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Barfaoes  gradually  generates  a  rotary  motion  in  the  nnoleiiB;  and 
suppose  this  foroe  to  vary  as  the  difference  between  the  angular 
Yelooities  of  the  crust  and  nucleus — that  is,  of  the  surfaces  in  can* 
tact  Let  o>  and  0/  be  the  angpilar  velocitieB  at  the  time  I,  k  and  V 
the  radii  of  gyration  of  the  two  bodies,  F(a>— fl/)  the  foroe  at  the 
equator  of  the  nucleus  which  represents  the  friction  between  it  and 
the  crust.    Then  the  equations  of  motion  are 

Suppose  also  that  fi  would  have  been  the  angular  velooity,  when  the 
primitive  impulse  was  given,  on  the  hypothesis  of  the  crust  and 
nucleus  being  rigidly  connected  so  as  to  be  one  mass.    Then. 

/8(CA«+NiK«)=aCA« (2) 

Subtracting  the  second  of  equations  (1)  from  the  first,  putting 

^*(oi^+NF»)=''' (^^ 

and  integrating,  we  have 

©— a)'=con8t.  X  ^- 
When  ^=0,  a)=a  and  (»'=0 ; 

Hence,  by  the  first  of  equations  (1), 

and  also  =)8(l+5g;.-),by  (2). 

The  first  of  these  expressions  shows  that  the  angular  velocity  of 
the  crust  begins  with  a ;  and  when  ct  becomes  veiy  large  indeed,  it 
is  reduced  to  ^.  Hence  the  efiect  of  the  constant  friction  of  the 
nucleus  against  the  inner  surface  of  the  crust  is  at  hist  to  reduce  the 
velocity  of  the  crust  to  what  it  would  have  been  at  first  if  the  crust 
and  nucleus  had  been  one  solid  mass. 

We  may  conclude  perhaps  that  the  same  effect  would  be  produced, 
though  in  a  much  longer  time,  if  the  interior  were  not  a  solid  spherei 
but  a  fluid  mass. 

The  above  reasoning  shows  that  if  the  disturbing  force  producing 
precession  and  nutation  did  not  exist,  and  the  interior  of  the  earth 
were  fluid  (whatever  the  thickness  of  the  crust),  it  may  be  fairly 
assumed  that  the  motion  of  rotation  of  the  crust  would  now,  the  earth 
having  existed  so  many  ages,  bo  exactly  what  it  would  have  been 
had  the  earth  been  one  solid  mass,  all  difference  of  motion  having 
been  long  ago  annihilated  by  the  internal  friction  and  viscidity. 
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4  Bat  the  distorbiiig  foroe  producing  preoeflsion  and  nntatioii 
does  exist.  It  consists  of  two  parts,  one  constant  and  the  other 
Tariable  and  periodioaL  The  constant  part  is  that  which  produces 
the  steady  precession  of  the  axis  (and  which  I  call  for  conTenienoe 
the  precessional  force) ;  the  other  produces  the  nutation.  I  will  con- 
sider the  precession  first.  Suppose  now,  for  the  sake  of  argument, 
that  at  the  present  moment,  as  M.  Delaunay  imagines,  the  -crust  and 
the  fluid  are  revolying  predselj  as  one  mass,  all  previous  difTerences 
of  motion,  even  under  the  action  of  the  distarbing  force  which  im>- 
duces  precession  and  nutation,  having  been  annihilated  by  friction 
and  viscidity.  I  ask,  what  will  be  the  action  of  the  precessional 
foroe  from  this  moment  ?  It  tends  to  draw  the  pole  of  the  crust 
towards  the  pole  of  the  ecliptic :  and  this  tendency,  as  mathematical 
physicists  well  understand,  combined  with  the  rotary  motion  of  the 
crust,  produces  this  singpilar  result,  viz.,  the  pole  does  not  move 
towards  the  pole  of  the  ecliptic,  but  shifts  in  a  direction  at  right 
angles  to  the  line  joining  the  poles  towards  the  west ;  so  that  the 
inclination  oC  the  axis  to  the  ecUptio  remains  constant,  but  the  axis 
shifts  towards  the  west.  The  space  through  which  it  shifts  in  an 
infinitesimal  portion  of  time  varies  as  the  length  of  the  time  and  the 
force  directly,  and  as  the  inertia  of  the  mass  to  be  moved  inversely. 
The  inertia  of  the  mass  depends  upon  the  thickness  of  the  crust  only ; 
for  the  friction  of  the  fluid  against  the  inner  surface  of  the  crust 
(which  might,  as  I  have  shown,  in  the  course  of  years  produce  a 
sensible  effect)  cannot  do  so  during  the  infinitesimal  portion  of  time 
I  am  considering  before  the  precession  is  actually  produced.  The 
precessional  force  has  its  full  effect  in  producing  the  precession  of  the 
solid  crust,  the  fluid  not  having  time  to  diminish  that  effect  before 
the  axis  has  assumed  a  new  position ;  and  in  this  new  position  of  the 
axis  the  precessional  foroe  is  precisely  the  same  in  amount  as  before, 
to  go  on  causing  the  precession  as  before.  The  precessional  force,  is 
in  fact,  ever  alive  and  active,  and  shows  this  in  incessantly  producing 
the  effect  I  have  described ;  and  the  precession  goes  on  steadily,  the 
amount  of  it  depending  upon  the  mass  of  the  crust  thus  moved,  which 
the  fluid  has  not  time  to  retard  or  lessen.  M.  Delaunay  says  that 
"  the  additional  motion  due  to  the  above-mentioned  cause  [die  dis- 
turbing forces  which  give  rise  to  precession  and  nutation]  is  of  such 
slowness,  that  the  fluid  mass  which  constitutes  the  interior  of  the 
globe  must  follow  along  with  the  crust  which  confines  it,  exaotlv  as 
if  the  whole  formed  one  solid  mass  throughout."  In  reply  to  this  1  say 
that  it  is  not  the  slowness  of  the  motion,  but  the  want  of  solid  con- 
nection between  the  crust  and  the  fluid  in  contact  with  it  which  affects 
the  problem.  The  motion,  whatever  its  amount,  is  incessantly  being 
generated  by  the  disturbing  force ;  and  owing  to  this  want  of  solid 
connexion,  the  friction  of  the  fluid  has  not  time  during  the  successive 
moments  during  which  the  precession  is  generated,  to  stop  or  even 
sensibly  to  check  it. 

It  will  thus  be  seen  that  at  every  instant  the  precessional  force 
proceeding  from  the  action  of  the  sun  and  moon  on  the  protuberant 
part  of  the  earth's  mass  will,  if  the  earth  be  a  solid  mass,  have  to 


424  Notices  of  Memoirs. 

move  the  Tvhole  mass ;  and  if  the  earth  have  a  solid  cnut  only,  ^th 
a  fluid  interior,  the  force  will  have  to  move  only  the  cnut,  againit 
the  evanescent  resistance  of  the  fluid  within  during  so  short  a  space 
of  time  as  it  takes  to  produce  precession.  The  resulting  preoessioiksl 
motion  will  be  different  in  the  two  cases ;  and  therefore  the  actual 
amount  of  the  precession  which  the  earth's  axis  has  (and  which  is  a 
matter  of  observation)  is  a  good  test  of  the  solidity  or  fluidity  of  tha 
interior.     This  is  Mr.  Hopkins's  method. 

The  force  producing  nutation  is  much  smaller,  even  at  its  maximum, 
than  the  processional  force.  Its  effect,  however,  is  precisely  the  sama 
in  this  respect — that  it  depends  upon  the  mass  of  the  solid  orust,  and 
in  no  respect  upon  the  friction  of  the  fluid  within  it,  which  has  not 
time  to  influence  the  nutation  before  the  nutation  is  actually  produced. 

5.  I  do  not  here  undertake  to  go  into  Mr.  Hopkins's  numerical 
calculations  ;  I  simply  vindicate  his  method.  I  do  not  here  consider 
what  modification  tlie  elasticity  of  the  solid  materal  of  the  earth  may 
have  upon  his  numerical  results.  I  conceive  that  it  would  have  no 
effect,  if  the  disturbing  force  were  constant  and  there  were  no 
nutation.  For  under  the  dragging  influence  (if  I  may  so  call  it)  of 
the  constant  processional  force,  the  solid  material  would  be  under  a 
steady  strain,  and  would  communicate  the  effect  of  the  force,  con- 
tinuously acting,  from  particle  to  particle  of  the  solid  part  as  if  it 
wore  really  rigid ;  and  the  resulting  processional  motion  would  be 
greater  or  less  as  the  mass  of  the  solid  part  may  be  smaller  or  larger 
— that  is,  the  solid  crust  thinner  or  thicker.  But  as  the  disturbing 
force  is  not  constant,  but  variable,  and  there  is  constantly  nutation  of 
the  axis  as  well  f\8  precession,  the  action  above  descril>ed  will  be 
somewhat  modified  ;  an«l  the  elasticity  of  the  solid  material  may  be 
expecte<l  to  have  some  influence  on  tlie  result.  This  influence,  bow- 
ever,  will  be  minute,  as  the  part  of  the  disturbing  force  which  is 
variable  and  produces  nutation  is  very  much  smaller,  even  at  ita 
maximum,  than  the  processional  force.  The  consideration  of  this 
matter,  however,  has  no  bearing  upon  the  validity  or  not  of  Mr.  Hop- 
kins's method,  but  simply  upon  the  numerical  value  of  his  final  result, 
not  upon  the  question  of  the  fluidity  or  solidity  of  tlie  earth's  mass. 

(5.  It  will  appear  then,  I,  think  to  your  readers  that  the  strictures 
of  M.  Dolaunay  upon  this  method,  which  the  genius  of  Mr.  Hopkins 
devised,  betray  an  oversight  of  the  real  point  upon  which  the  success 
of  his  method  depends,  and  that  this  method  stands  unimpaired. 


nsrOTICES      OIF      n^EH^OII^S. 

I. — On  the  Discovery  op  a  Fossil  Snake,  Python  Euboicvs. 
Roemer,  in  the  Tertiary  Calcareous  Slates  of  the  Brown-coal 
formation  of  Eumi,  in  the  Island  of  Eubcea.  By  Herb  Feed- 
BoEMER,  of  Breslau. 

[Abdruck  a.  d.  Zeitschr.  d.  Dcutschen  gcologisohcn  Gesellschaft,  Jahrg.  1870.] 

FSSIL  snakes  are  exceedingly  rare  remains.     Prof.  Owen  has 
described   four   species   of  PdUeophis    and    two    species    of 
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Paleryx,  £rom  the  London  Clay,  Middle  and  Lower  Eocene  of 
Engird/  and  tbe  remains  of  a  serpent  Laophts  crotaJLoide^^  Ag. 
discovered  by  Capt.  Spratt»  B.N.,  in  a  Tertiary  formation  at  Salonica.' 
We  noticed  the  discovery,  by  Prof.  0.  C  Marsh,  of  Yale  College,  Ct, 
n.S.,  of  a  new  gigantic  fossil  serpent,  Dinophit  grandis,  from  the 
Tertiary  of  New  Jersey,  last  month  (p.  377). 

The  description,  therefore,  of  a  comparatively  well  preserved,  and 
clearly  identified  ophidian,  from  the  Tertiary  limestone  (Ealkschie&r) 
of  Kumi,  in  the  Island  of  Eubooa,  by  Prof.  Boemer,  of  Breslan,  is  so 
important  as  to  merit  the  attention  of  palaeontologists. 

The  remains  were  found  in  a  slab  of  limestone,  9in.  in  length  by 
5in.  in  breadth,  which  exhibits  on  its  surface  the  vertebral  column 
and  ribs  of  an  ophidian. 

It  was  procured  for  the  University  Museum  from  the  cabinet  of  the 
late  Dr.  Beinert,  and  is  stated  to  have  been  obtained  from  the  wall 
of  the  Brown -coal  deposit  of  Eumi,  and  is  probably  of  Miocene 
Tertiary  Age,  like  those  from  the  Braunkohlen  formation  of  Germany. 

The  portion  of  the  skeleton  preserved  consists  of  part  of  the 
vertebiul  column,  9^in.  in  length,  and  comprising  25  vertebrae  with 
the  ribs  attached,  also  the  greater  part  of  the  left  ramus  of  the  lower 
jaw,  with  eight  of  the  teeth  in  situ.  The  specimen  is  so  disposed 
upon  the  slab  that  about  half  the  vertebrae  exhibit  their  dorsal,  and 
half  their  ventral,  aspect 

The  vertebrae  of  the  fossil  snake  correspond,  in  all  important  re- 
spects, with  those  of  the  living  Python.  When  compared  with  those 
of  Python  hivittatus  the  dorsal  processes  are  somewhat  less  pronounced, 
and  the  antero-lateral  faces  are  somewhat  produced.  The  form  also 
of  the  vertebrae  enabled  the  author  to  determine  to  what  portion  of 
the  column  of  the  snake  these  bones  belonged.  The  vertebrae  of  the 
anterior  part  of  the  b«w5k-bone  of  the  living  Python  are  provided  with 
processes  (hypapophy8es)y  directed  obliquely  downwards  and  back- 
wards, the  length  of  which  is  equal  to,  or  exceeds,  the  diameter  of 
the  body  of  the  vertebra.  The  remaining  vertebrae,  down  to  the 
caudal  series,  do  not  possess  these  inferior  processes.  In  place  of 
this  they  are  provided  with  a  small  rounded  protuberance,  in  which 
the  ventral  ridge  terminates  at  the  hinder  end.  Prof.  Boemer  de- 
tached the  two  most  anterior  vertebrae  of  the  fossil  Python,  but  found  no 
bypapophyses  under  them,  but  a  small  rounded  prominence  like  that 
observed  in  the  dorsal  series  of  the  living  Python.  This  shows  that 
the  fossil  vertebrae  in  question  belong  to  the  middle  part  of  the 
trunk.  The  uniformity  of  the  size  of  tlie  vertebrae  also  proves  them 
to  be  from  the  central  portion ;  for  anteriorly  and  posteriorly  they 
diminish  in  the  living  Pythons  and  Bocls, 

The  ribs  are  only  partially  preserved,  but  16  of  the  right  side  re- 
main in  situ ;  they  are  sabre-like  in  form,  and  correspond  with  those 
of  the  recent  P.  hivittattts  already  referred  to.  They  are  expanded  at 
the  proximal  end,  and  are  provided  with  an  articulating  face  by 
which  they  are  united  to  the  corresponding  articulating  face  of  the 

»  Pal.  Soc.  Lond.  Mon.  Ophidia,  1849-60. 

2  Quart.  Joom.  Geol.  Soc.,  Loud.,  toL  xiii.,  1857^  p.  196. 
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protnberanoe  (Diapopbysial  tubercle,  Owen)  on  tbe  side  of  the 
Tertebral  body.  The  thinnest  part  of  the  rib  is  at  five-aizthfl  of  the 
entire  length,  and  Uie  last  sirth  becomes  broader,  and  terminates 
bluntly. 

It  is  interesting  to  find  that  in  Miocene  times  various  large  tropical 
snakes  had  their  habitat  in  Greece,  and  it  adds  another  Deust  to  H. 
Gktudiy's  interesting  discoveries  of  a  tropical  mammalian  &unaiii 
this  ancient  continent,  of  which  but  so  small  a  part  now  remains. 


n. — ^New  Amebioan  Beptilxa.* 
By  Prof.  J.  D.  Copi. 

THE  fossil  which  Prof.  Cope  exliihited  was  the  almost  perfect 
cranium  of  a  Mosasauroid  reptile,  the  Clidaatea  propython.  He 
explained  various  peculiarities  of  its  structure,  as  the  moveable  arti- 
culation of  certain  of  tlie  mandibular  pieces  on  each  other,  the 
suspension  of  the  os-quadratum  at  the  extremity  of  a  cylinder 
composed  of  the  opisthotic,  etc.,  and  other  peculiarities.  He  also 
explained  from  specimens,  the  characters  of  a  large  new  Plesiosauroid 
from  Kansas,  discovered  by  Wm.  E.  Webb,  of  Topeka,  which  possessed 
deeply  biconcave  vertobrs,  and  anchylosed  neural  arches,  with  the 
zygapophyses  directed  after  the  manner  usual  among  vertebrates. 
The  former  was  thus  shown  to  belong  to  the  true  Sauropterygia,  and 
not  to  tlie  Streptosauria,  of  wliicli  Elasmosaurus  was  type-  Several 
distal  caudals  were  anchylosed,  without  chevron  bones,  and  of  de- 
pressed fonu,  while  proximal  caudals  liad  anchylosed  dia]K)phy8es  and 
distinct  chevron  bones.  Tho  form  was  regarded  as  new,  and  called 
Polycoiylns  latijnnniSf  from  the  great  relative  stoutness  of  the  paddle. 
Prof.  Cope  also  gave  an  account  of  the  discovery,  by  Dr.  Samuel 
Lockwood,  of  Keyport,  of  a  fragment  of  a  large  Dinasaur,  in  the 
clay  which  underlies  immediately  the  marls  below  tho  lower  green 
sand  bed  in  Monmouth  County,  New  Jersey.  Tlie  piece  was  the 
extremities  of  the  tibia  and  fibula,  with  astragalo-calcaneum  anchy- 
losed to  the  former,  in  length  about  sixteen  inches ;  distal  width 
fourteen.  Tlie  confluence  of  the  first  series  of  tarsal  bones  with  each 
other,  and  with  the  tibia,  he  regarded  as  a  most  interesting  peculiarity, 
and  one  only  met  with  elsewhere  in  the  reptile  Compaognathtis  and 
in  birds.  He  therefore  referred  the  animal  to  the  order  Sffrnphypodh 
near  to  Compsognaihm  Wagn.  The  extremity  of  the  fibula  was  free 
from,  and  received  into,  a  cavity  of  tlie  astragalo-calcanoum,  and 
demonstrated  what  tlie  author  had  already  asserted,  that  the  flbida 
of  Iguanodon  and  Hadrosaurus  had  been  inverted  by  their  describers. 
The  medullary  cavity  was  tilled  with  op(.*n  cancellous  tissue.  ITie 
species,  which  was  one  half  larger  than  the  type  specimen  of  Hadro* 
saurus  Foullcii,  he  named  Omithotarsus  imnumis. 

*  Proceedings  American  Phil.  Soc.,  Vol.  XI.,  p.  117. 
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nL — ^Noncs  OF  A  Nkw  Spscisb  of  Gayial  fbom  thb  Eocknb  of 

New  Jkbset,  U.Su 
By  TtoL  O.  a  Mabsh,  of  Tale  College,  Ct.i 

SOME  interestmg  r^tOian  remams  haTO  reoenil j  been  obtained 
from  the  Eocene  Gieensand  of  Shark  River,  Monmonth  Coonty, 
New  Jersey,  indicatiTe  of  a  new  species  of  Gavial,  consideiably 
smaller  tlum  any  crocodilian  heieU^ore  discovered.  They  were 
found  together,  and  are  evidently  parts  of  the  same  skeleton.  They 
consist  of  various  fragments  of  the  skull,  and  ten  vertebree.  The 
coossification  of  the  neural  arches  of  the  vertebrae,  and  the  almost 
entire  obliteration  of  the  sutures  in  some  of  them  would  imply  that 
the  individual,  although  diminutive,  was  nearly  or  quite  mature. 

The  portions  of  the  skull  preserved  indicate  that  the  animal  had 
an  elongated  muzzle,  and  that  the  upper  posterior  parts  of  the  skull 
were  of  the  gavial  type.  The  temporal  apertures  were  large  and 
near  together.    The  teeth  were  not  obtained. 

The  vertebne  are  well  preserved,  and  present  marked  characters. 
The  articular  cup  is  transversely  oval  in  the  cervicals  and  anterior 
dorsals,  and  has  its  upper  margin  depressed  in  the  posterior  dorsals. 
The  hypapophyses  are  simple  and  elongate.  The  neural  canal  of 
the  cervi(»l  and  anterior  dorsal  series  is  transverse  and  sub-rect- 
angular in  outline,  and  the  floor  unusually  broad  and  flat  In  the 
posterior  dorsals,  the  canal,  although  still  transverse,  becomes  less 
rectangular,  with  the  broader  portion  above. 

The  species  may  prove  to  be  generically  identical  with  the  one 
named  by  the  writer  Thecachampsa  Squanketuis,  which  is  the  only 
crocodilian  hitherto  found  in  the  Eocene  of  New  Jersey. 

The  genus  TheeaehampBa,  however,  as  proposed  by  Prof.  Cope, 
cannot  yet  be  r^arded  as  a  valid  one,  since  the  concentric  structure 
of  the  dentine  on  which  it  was  founded'  is  not  a  character  of  generic 
importance ;  for  it  occurs  in  various  other  crocodilians,  and  also  in 
some  Cetacea.  The  present  remains  are  therefore  provisionally  placed 
in  the  genus  Oavtalis  and  the  species  called  G.  minor.  The  animal 
to  which  these  remains  belonged  was  quite  slender  and  about  six 
feet  in  length. 

IV. — Becords  op  the  Geological  Subvey  op  India.     Vol.  iii.. 

Part  2.     May,  1870. 

The  Contents  of  this  number  of  the  "  Records  "  are — 

1.  Geology  of  Gwalior  and  its  vicinity.    By  C.  A.  Hagket. 

THE  area  described  is  a  low  hilly  district,  comprising  some 
alluvium.  Crystalline  rocks  occupy  a  narrow  strip  of  country, 
which  is  also  traversed  by  numerous  large  quartz  veins.  But  the 
more  prominent  rocks  of  the  area  belong  to  the  Gwalior  Series  and 
the  Upper  Vindhyan.    These  two  series  are  unconformable  to  each 

^  From  American  Journal  Science,  Second  Series,  toI.  I.,  no.  148,  p.  97. 
s  ProceedingB  Philadelphia  Acad.  Nat.  Sciences,  1867,  p.  143. 
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other,  the  former  having  been  immenBely  denuded  before  the  depo- 
sition of  the  latter. 

The  Gwalior  Series  is  composed  of  quartzito,  sandstone,  limestone, 
jasper,  and  contemporaneous  trap.  It  is  divided  into  two  groups — 
the  Par,  and  above  it  the  Morar  Group.  Diorite  is  the  form  of  trap 
vrhioh  occurs  in  these  beds,  a  variety  in  which  the  separate  crystals 
of  hornblende  and  felspar  are  visible  to  the  naked  eye.  Magnetic 
iron  is  found  in  it. 

The  Yindhyan  rocks  occurring  in  the  area  were  described  by  Mr. 
Mallet  (see  Geological  Magazine,  April,  1870,  p.  171).  Their  age 
was  pointed  out  as  very  uncertain,  possibly  Devonian.  No  ccm- 
clusiou  can  be  drawn  as  to  the  exact  place  of  the  Gwalior  Series  in 
the  Indian  scale. 

2.  Note  on  the  Shtee  at  Chiteli^  Kumaon.  By  Theodore  W.  H. 
Hughes,  F.G.S. — ^Tho  author  having  been  requested  to  report  on  the 
suitability  of  the  slates  for  roofing  purposes,  accordingly  visited  the 
locality,  where  an  experimental  quarry  had  been  opened.  The 
slates  dip  at  high  angles,  but  they  are  not  cleaved  in  a  definite 
manner.  Their  general  qualify  bears  favourable  comparison  with 
other  Indian  specimens;  but  it  is  below  the  standard  of  typical 
Welsh  slate.  It  differs  from  the  latter  in  splitting  along  the  planes 
of  lamination,  instead  of  the  planes  of  cleavage.  It  is  coarser  in 
texture,  and  more  siliceous.  The  slate  is  good  enough  for  roofing 
purposes,  it  well  withstands  the  action  of  the  weather,  and  slabs  less 
than  a  quarter  of  an  inch  in  thickness,  and  much  more  than  a  square 
foot,  sui^erficial  measurement,  may  be  easily  obtained. 

3.  Note  on  tlie  Lead  Vein  near  Chicoli,  liaipur  District.  By  W.  T. 
Blanford,  F.G.S. — Tlio  ore  (galena)  occurs  in  a  well-marketl  vein, 
chiefly  composed  of  quartz,  which  traverses  the  metamorphic  rocks. 
Tlie  vein  also  contains  pink  felspar,  green  and  puri)le  fluorspar. 
Slight  but  unmistakeable  indications  of  the  presence  of  cojiper  were 
found.  The  width  of  tlie  vein  varies  greatly ;  sometimes  it  is  six 
feet,  at  others,  nearly  30  feet.  Altogether,  Mr.  Blanford  thinks 
there  is  nothing  in  tlie  appearances  presented  by  the  Chicoli  Lode, 
inconsist*.*nt  with  the  occurrence  of  a  good  vein  of  lead  and  copper 
ore  below  the  surface.  He  adds,  tlmt  it  is  the  first  instance  of  a 
distinct  metallic  Lode  he  has  seen  in  India. 

4.  The  H  'ardha  River  CoaUfields^  Berar  and  Central  Provinces.  By 
Dr.  Oldham,  F.K.S.,  etc. — These  coal-fields  have  been  previously 
notice<l  in  tlie  "  Keconls,"  Vol.  ii.,  Part  4.  p.  94,  but  since  that  time 
great  progress  bos  been  made  in  the  detailed  exploration  of  the  field. 

Thick  beds  of  coal  had  been  observed  in  the  banks  of  the  river 
Wardha,  but  their  continuance  inland  could  not  be  traced,  owing 
mainly  to  thick  coverings  of  clays.  It  was  found  necessary  to  make 
borings,  the  results  of  a  few  were  given  in  the  previous  report ; 
records  of  the  other  borings,  and  the  general  results  are  now  given. 
The  inland  extension  of  the  coal-beds  has  been  proved  in  nuiny 
places,  and  their  great  and  sudden  variation  in  character  is  markedly 
indicated.  In  Wun  district,  to  the  West  of  Wardha,  there  is  esti- 
mated to  be  about  70  square  miles  of  country  imder  which  the  thick 
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ooal  may  £iirly  be  presumed  to  extend,  and  probably  nowhere  will 
it  be  foond  at  a  greater  depth  than  120  yards  below  the  surfEice. 
The  average  thickness  of  coal  established  by  the  numerous  trials 
may  be  taken  as  nearly  40  feet,  but  this  includes  some  beds  that 
would  not  be  worth  working,  and  probably  20  feet  would  represent 
the  maximum  thickness  of  workable  coal.  Taking  these  data,  and 
making  allowance  for  faults  and  disturbances.  Dr.  Oldham  calculates 
that  there  is  an  available  quantity  of  coal  in  East  Berar  equal  to 
about  480,000,000  tons. 

Passing  into  Ohanda,  the  small  area  occupied  by  coal,  precisely 
the  same  as  that  in  Berar,  would  probably  yield  about  78,000,000 
tons  of  workable  coaL 

5.  Report  on  the  Coal  at  Korha,  in  the  Btlaepur  District.  By  W.  T. 
Blanfobd,  F.G.S. — ^The  coal  is  exposed  in  two  places  in  the  bed  of 
the  Hasdo  river,  just  below  Eorba.  The  thickness  was  estimated, 
though  roughly,  from  its  dip  and  length  of  outcrop,  to  be  at  least 
90  feet,  including  bands  of  shale  and  inferior  coal.  In  order  to 
obtain  a  more  correct  idea  of  the  quality  of  the  coal,  small  pits  were 
dug,  these  proved  a  minimum  thickness  of  50  feet  of  fair  coal.  Mr. 
Blanford  points  out  the  best  places  for  borings  in  order  to  ascertain 
the  extent  of  the  seam,  as  sufficient  data  are  not  known  to  justify 
the  opening  of  a  coal  mine.  Both  the  quality  and  mode  of  occur- 
rence of  the  coal  are  considered  favourable,  and  indeed,  to  surpass 
that  near  Chanda. 


I^EVIE^WS. 


I. — Bepobt  of  this  Buobt  School  Natubal  Histobt  Society  fob 
THB  Yeab,  1869.    Eugby :  W.  Billington,  1870,  pp.  59. 

TTTE  have  already  called  attention  to  the  activity  of  this  useful 
f  Y  Society.  The  third  report  now  issued  shows  it  to  have  lost 
none  of  its  vigour.  Throughout  the  academical  year  meetings  have 
been  held  each  fortnight,  and  masters  and  scholars  alike  have  con- 
tributed, by  papers  and  presentations,  or  exhibitions  of  natural 
history  specimens  or  apparatus,  to  render  them  very  interesting. 
Of  the  many  papers  read  but  a  few  are  printed.  They  suffice  to 
show,  however,  that  the  salient  features  of  recent  scientific  discovery 
are  with  little  delay  laid  before  the  members,  and  not  a  few  report 
the  results  of  individual  observation.  Among  these  is  a  valuable 
fcper  by  Mr,  J.  M.  Wilson,  on  the  Drifts,  Gravels,  and  Alluvial 
>ils  of  Bugby  and  its  neighbourhood,  describing  some  borings  which 
he  caused  to  be  made,  and  the  specimens  obtained  from  them  which 
he  has  deposited  in  the  Arnold  Library.  ''  English  Snakes  and  the 
Blindworm"  is  the  title  of  a  contribution  by  Mr.  N.  Masterman  that 
is  well  worth  reading.  The  author  has  studied  the  lives  and  habits 
of  his  pets,  and  speaks  of  them  with  an  enthusiasm  which  is  quite 
delightfuL  The  botany  of  the  neighbourhood  has  not  been  neglected, 
new  localities  are  registered,  and  the  variations  in  dates  of  flowering 
recorded.    The  mention  of  three  other  papers  will  suffice  to  show 
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that  the  wtiole  domain  of  phywcol  BciencB  engagm  tto  xttealioii  d 
the  Society.  Mr.  Wilson  sends  »  paper  on  "  A  Itenwrksble  InstiDn 
of  Pnrteotive  Mimicry  among  the  Lcpidojjtere,"  thatof  P«(»Ao  Jfewpe 
and  Danait  Niavnu,  which  is  prtvided  with  an  exoollaQt  UluMrabon. 
Mr.  Htitchinaon  oontiibuted  ona  on  •'  Speotrum  Analysis  and  whsl  tl 
has  done ;"  aa<l  Mr.  Sedgwick  an  eioeliant  chatty  paper  oo  "  Norwsj." 
The  aTarage  attendance  of  memban  for  the  whoU  year  is  39,  ud 
th9  list  of  prcseolation  of  books  and  ^>ecimeiia  quite  a  laige  ooa 
The  Society  is  to  l>e  oongiatolated  on  what  it  has  done,  and  «i 
wish  it  continued  snoceas. 


n. — GkOLOOVOFTKB  CoDSTBY  BETWKMX  LiVKBPOOL  IKD  SODTHPOBT, 
B;  C.  E.  Ob  Eahcb,  F.O.S. 

ONE  of  the  more  recent  poblicationfl  of  the  Geological  Som^  of 
England  ia  a  short  eiplaiaation  aooompanying  sheet  90,  SE- 
of  the  country  between  Liverpool  and  Sonthport.  The  greater 
portion  of  the  area  comprised  in  this  sheet  ia  covtired  by  the  set 
On  Uie  smaller  portion  of  land  the  following  depoeits  are  ieecahii 
as  occurring : — 

(KownSaod 
Recent  Upper  *■  Cyd«  "  Clay  1  ^^^^^^ 

1  Upper  " ScroDK'ulana    Clay. ) 
i  Ui^iwr  Pt-at. 
\  Lowor  ''Cyclas''  Clay. 


Pre -historic  < 

D    .    1     .  ,  J  Shirdley  HiU  Sand.  ' 


Glncial 


1  Sand  (Middle  Drift). 

(  Lower  Boulder  Clay. 
J.  ;  Keuper  Marls. 

ii.eu]ter  j  Lower  Keuper  Sandstone. 


{? 


Upper  Eed  and  Mottled  Sandstone. 


Bnnter  ■(_  Pebble  Bed. 

The  Triassio  bods  play  a  very  inoonspiouous  part  in  the  Snrfao 
geology  of  this  distriot,  "  with  llie  exception  of  the  crests  of  two  or 
three  slopes  "  the  area  is  deeply  covered  wilh  drifts  of  variona  ages. 

The  Bouldor-Clny  ia  described  as  generally  of  a  light-red  coloiu, 
containing  many  small  pebbles  and  occasional  boulders,  bods  of 
marl,  and  seams  of  sand.  The  pebbles  and  boulders  are  almost  ex- 
clusively erratic,  Triassio  rocks  tieing  rare. 

Thin  beds  of  sand  occur  at  several  places  within  the  district,  they 
are  doubtfully  referred  by  Mr.  Do  Ranee  to  the  Middle  Drift  [now 
termed  "  Middle  Glacial "  by  Mr.  S.  T.  Wood,  Jun.) ;  they  may,  be 
thinks,  bo  merely  intercalated  beds  of  sand  in  the  Lower  Boulder 
Clay. 

Upon  the  "  Lower  Peat,"  which  varies  from  one  inch  to  four  feet 
in  thicknesK,  tlie  "  Shirdley  Hill  Sand  "  generally  rests.  This  is  a 
light-colon  ltd  coarse  sand,  with  occasional  pebbles  of  quartz,  and 
rarely  the  murine  shells  Cardium  ediile  and  l}irTiUlla  eommuait.  The 
range  of  low  hills,  the  author  ramarks,  which  ore  composed  of  this 
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jod,  lias  mnoh  the  appeacranoe  of  a  fine  of  old  Ssuid  Dunes,  foimed 

;  iiie  edge  of  a  aea-margin. 

The  ^'  Lower  Ojclas  Cli^,*^  ooniabimg  CychB  e&meOy  appeals  to 

I  a  laoDsiTiiie  deposit. 

The  ''Upper  Peat"  has  an  average^ thickness  of  12  feet,  it  contains 

soft  bhie  silty  clay,  fiom  which  petroleuin.  has  been  obtained. 

Hie  AllvTial  Clays  coDtain:  Serohicularia  ptp^jUa  abundantly  in 

fMDB  places,  and  Cj/!da8  earma  in  others. 


IMBIPOE^TS  .AJSTJDi    :JEKEbOCyErElT^XJSrC3t&. 


T^  MioBOsoopieaft  Examinatiov  of  Rooks  and  Mihxbals.^ 

By  Samukl  Allpobt,  F:G.S.. 

rlS.  application  of  the  microscope  to  Oedogy  is  a  sabject  which 
has,  I  belieTe,  been  more  generally  neglected  by  men  of  science 
ia&  any  other  of  equal  importance,  although  it  is  easy  to  show  that 
lis  method  of  ezammation  affords  the  readiest  means  of  obtaining 
iformation  oft  many  important  points,  and  is,  in  fieict,  the  only  way 
f  ascertaining  with  cextainty  the  composition  of  many  compact  or 
ine-giained  rocks. 
A  valuable  pap^  hy  Mr.  Sorby,  *'  On  the  Microscopical  Structure 
f  Crystals,'*^  and  another  by  Mr.  David  Forbes,  "  On  the  Micros- 
c^  in  Greology,"  in  l&e  "Popular  Science  Beview,"'  constitute,  I 
lelieve,  the  extent  of  tiie  published  information  on  the  subject  No 
iranch  of  sdence  presents  a  more  promising  field  of  inquiry,  for  the 
nomenclature  and  (dassification  of  igneous  rocks  is  in  a  lamentable 
tate  ef  confusion,  and  nnfbrtunately  the  maps  of  the  Geological 
kovey  of  England  and  Wales  tend  rather  to  increase  the  difficulty , 
fj  the  indiscriminate  use  of  terms  not  very  definite  in  themselves. 

It  is  evident  that  no  satisfactory  classification  of  rocks  can  be 
nade  till  their  mineral  constituents  are  accurately  ascertained ;  and 
n  the  case  of  fine-grained  or  compact  rocks,  this  cannot  be  done 
ifkher  by  chenncal  analysis  or  other  ordinary  methods  of  observa- 
lon.  In  such  cases,  various  expedients  have  been  adopted,  but  only 
ip^roximative  results  were  obtained,  and  that  they  were  altogether 
msatisfactory  will  be  evident  from  the  following  remarks  of  Bischof.^ 
' It  appears,'^ he  says,  ''to  be  quite  in  vain  to  attempt  a  classification 
it  Oreenstones;  they  constitute  a  series,  the  extreme  numbers  of 
vfaidi  are,  en  the  one  hand,  Augitic  Porphyry,  or  Melaphyr,  with 
Ustinguishable  Augite,  and  Labradorite ;  and,  on.  the  other,  Diorite 
yt  Syenite,  with  distinguishable  Hornblende.  Between  these  opposite 
extremes  there  are  many  intermediate  varieties,  witii  regard  to  which 
It  is  quite  uncertain  whether  they  are  to  be  classed  with  augitic  or 
liomblendio  rocks."  Again^  Cotta'  describes  Aphanite  as  <'  Trap  in 
part,  Melaphyr  in  part,  a  compact  apparently  homogeneous  mass. 
Hie  separate  ingredients  of  this  rock  are  not  to  be  recognized  by  the 

^  PioceedingB  of  the  Birmingham  Natural  Hiitorj  and  MicroMopieal  Society. 

*  Qnart.  Jonxn.  QeoL  Soo.,  vol.  ziy.  *  Vol.  yi.,  p.  366 

«  "  Cb«mkal  Oiology/'  toI.  iiL,  p.  800«  «  "  Books  Claaaified,"  p.  167. 
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naked  eye,  henoe  ihe  name  Aphanite  given  by  Haiiy.  The  minute- 
nesB  and  intimate  union  of  the  ingredients  of  Aphuute  whea  quite 
compact  make  it  impossible  with  the  ordinary  aids  to  discover 
whether  it  belongs  to  Diabase,  Oabbro,  or  Diorite."  Now  it  appeazi 
to  me  that  to  call.a  rock  Aphanite,  or  to  say  ihat  a  clftSBifioatkm  of 
Greenstones  is  impossible,  is  just  as  absurd  as  it  would  be  for  a 
Zoologist  or  Botanist  to  assert  that  no  satisfactory  acoount  could  be 
given  of  animal  or  vegetable  tissues  because  they  cannot  be  mads 
out  by  the  naked  eye  or  a  pocket  lens.  The  examination  of  many 
rocks,  if  not  too  fine  grained,  may  be  feu^ilitated  by  examining  a 
polished  surface  with  a  low  power,  or  even  by  simply  wetting  fiie 
fireshly-broken  surface  instead  of  polishing ;  but  in  the  case  of 
basaltic  and  other  fine-grained  rocks  it  is  necessary  to  prepare  diin 
sections  for  examination  by  transmitted  light  This  method  is,  in 
fact,  by  far  the  most  satisfactory  in  the  majority  of  cases,  for  not 
only  may  the  various  constituent  minerals  be  readily  observed,  but 
the  order  in  which  they  crystallized  out  from  the  mass,  the  changes 
which  they  have  frequently  undergone  during  the  long  lapse  of  age^ 
and  other  important  facts,  may  also  be  thus  asoertained. 

A  microscopical  examination  of  rocks  shows  that,  as  a  rule,  the 
igneous  rocks  may  be  distinguished  at  once  from  all  others  by  their 
structure,  which  is  that  of  a  more  or  less  perfect  network  of  minute 
crystals :  in  many  cases  all  the  minerals  are  well  crystallized ;  in 
others  there  is  an  amorphous  or  glasfiy  base  in  which  they  are 
enclosed ;  there  are,  however,  other  rocks,  such  as  the  Felstones  and 
the  more  recent  volcanic  Phonolites,  some  of  which  do  not  present 
this  crystallizod  arrangement  of  their  constituents ;  and  then  there 
are  the  Forphyrites,  which  are  characterized  by  the  presence  of 
crystals  of  felspar  in  a  compact  felspathic  base.  There  is  in  fact  a 
gradual  passage  from  the  compact  Felstones  to  the  Forphyrites,  so 
tliat  it  appears  probable  that  the  amorphous  base  of  all  such  rocks  is 
simply  the  siliceous  magma  or  paste  from  which  distinct  minerals 
woul(i  have  separated  had  the  circumstances  under  which  they  were 
formed  been  favourable  for  crystaHLsotion  to  have  taken  place.  As 
a  typical  example  of  a  widely  distributed  class  of  rocks,  I  will  take 
for  description  the  well-known  basaltic  rock  of  the  Rowley  Hills. 
An  examination  of  thin  sections  shows  that  it  contains  a  tricluiic 
felspar,  augite,  magnetic  oxide  of  iron,  a  little  olivine,  and  a  few 
crystals  of  apatite.  The  felspar  is  known  to  belong  to  the  triclinia 
system,  as  it  exhibits  the  characteristic  striaa  when  examined  by 
polarized  light.  Augite  occurs  in  minute  black  shining  i^rystals, 
whicli  appear  bright  brown,  or  occasionally  green  when  in  tliin 
sections  :  it  cannot  be  mistaken  for  any  other  mineral  except  horn- 
blende, from  which  it  is  distinguished  by  a  marked  difierence  in  the 
angles :  it  has  also  a  clear  glassy  appearance,  while  hornblende  is 
either  distinctly  fibrous  in  texture,  or  exhibits  lines  or  cracks  running 
parallel  with  the  principal  cleavage  plane.  Very  frequently  horn- 
blende is  green,  while  augite  is  yellowish  brown,  but  this  does  not 
always  hold  good.  The  magnetite  occurs  in  minute  grains,  or  as 
thin  lominse,  both  being  black  and  opaque.     The  apatite  is  seen  in 
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lon^,  ooioalaQry  faexi^nal  crystaLi.  The  olivine  ooonrs  in  ciystaLiy 
and  also  in  irregular  grains,  of  a  dear  yellowish  green  coloor ;  it  is, 
however,  rare  in  thie  state,  being  nearly  always  idtered  to  a  dull  dark 
green  mineraL  In  addition  to  the  above  minerals,  which  must  be 
regarded  as  the  original  constituents  of  the  rock,  there  are  also  one 
or  two  zeolites,  caldte,  and  a  chloritic  mineral,  all  of  which  are 
found  filling  cavities,  and  are  secondary  formations. 

The  use  of  the  microscope  is  by  no  means  confined  to  the  dis- 
crimination of  minerals;  with  its  assistance  we  may  learn  many 
£K)t8,  as  to  the  mode  of  formation  of  rooks,  the  order  in  which  the 
various  minerals  crystallized,  and  the  alterations  which  have  been 
frequently  caused  by  the  removal  of  mineral  matter,  and  its  re- 
placement by  another  of  different  chemical  composition.  In  the 
Bowley  rocks,  the  minute  crystals  of  apatite  penetrate  both  the  felspar 
and  augite ;  the  latter  also  encloses  crystals  of  felspar  and  magnetite ; 
the  augite  crystallized  therefore,  after  the  others  had  been  formed. 
The  olivine  contains  grains  of  magnetite  only,  and  was  probably  the 
second  ta  crystallize. 

Cases  are  not  uncommon  in  which  cry  stab  have  caught  up  portions 
of  the  surrounding  mass  while  in  the  act  of  formation,  and  other 
facts  indicate  very  clearly  the  actual  condition  of  the  mass  at  the 
moment  of  crystallization.  For  example,  in  a  section  of  Pltchstone 
from  Planitz,  containing  crystab  of  felspar,  the  minute  opaque 
particles  thickly  scattered  through  the  matrix  are  crowded  together 
round  the  sides  of  the  crystals,  having  been  forced  outwards  as  the 
latter  increased  in  size ;  this  clearly  indicates  that  during  the  for- 
mation of  the  crystals,  the  matrix  was  in  a  viscid,  but  not  in  a  fluid 
state,  for  had  the  particles  been  quite  free  to  move,  there  would  have 
been  no  crowding. 

In  a  section  of  basalt  from  the  Rhine,  the  olivine  is  in  its  usual 
fractured  condition,  and  some  of  the  hu*ger  cracks  have  been  filled 
up  with  the  fine  crystallized  matrix  in  which  they  are  imbedded ; 
there  is  no  crowding  of  the  particles ;  in  this  case,  therefore,  the 
olivine  was  not  only  crystallized,  but  fractured  before  the  consolid- 
ation of  the  mass.  In  another  section  of  basalt  the  crystals  of  augite 
and  olivine  are  somewhat  rounded,  and  the  cracks  filled  up,  so  that 
they  probably  existed  as  crystals  or  grains  before  the  ejection  of  the 
lava. 

One  of  the  most  important  aids  in  the  examination  of  rocks  and 
minerals  is  afforded  by  polarized  light.  In  many  cases  it  enables 
US  at  once  to  discriminate  between  different  minerals,  and  not  un- 
firequently  affords  clear  evidence  of  changes  which  have  taken  place 
subsequently  to  the  consolidation  of  the  substance  under  examination. 
When  a  thin  section  of  a  crystal  is  placed  on  the  stage  of  the  micro- 
scope, and  a  beam  of  polarized  light  passed  through  it,  the  beam  is 
depolarized,  and  generally  exhibits  colours  due  to  interference ;  the 
intensity  of  colour  varies  according  to  the  direction  in  which  the 
crystal  is  cut,  and  consequently  in  examining  a  section  of  rock,  the 
Tarious  sections  of  any  one  mineral  do  not  always  give  the  same 
result ;  but  as  the  crystals  of  igneous  rocks  lie  at  cdl  anglea^  it  vi 
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nearly  always  easy  to  obtain  some,  whiohy  bemg  eat  at  an  indinatiwi 
to  the  optio  axis,  exhibit  different  degrees  of  iatauntj  of  aotioa; 
therefore  minerals  which  Tary  much  from  each  otker  in  this  nqieofc 
may  be  easily  distinguished. 

A  most  important  point  to  be  noted  is,  thai  the  depolaziaed  action 
of  a  oiystal  is  nniform  over  the  whole  aarfaoe  of  its  aeotion  if  it 
consists  of  one  simple  crystalline  atructore ;  idien,  howersr,  fha 
light  appears  to  br^  up  into  detached  parts*  each  of  whidi  changes 
independently  as  the  analyzer  ia  rotated,  we  know  that  it  is  made  xxp 
of  a  numbor  of  separate  crystalline  portions,  either  dndepeBdeiit  of 
each  other,  or  sometimes  related  as  twins.^ 

A  knowledge  of  these  facts  enabled  me  to  detect  the  preaenee  (rf 
olivine  and  its  pseudomorphs  ia  the  Bowley  rock,  as  desOTibed  in  a 
former  paper,  and  also  in  the  Osologioal  Maoazixs,  YoL  YL, 
p.  115.  A  pseudomorph  is  a  mineral  possessing  a  crystalline  ibtm, 
which  does  not  belong  to  the  substance  of  which  it  is  composed ;  it 
is  an  altered  mineral,  or  in  other  words,  an  aggregate  of  minual 
matter,  which  has  been  deposited  simultaneously  with  the  removal 
of  that  which  possessed  the  original  crystalline  form ;  it  is  easy,  there- 
fore, to  see  that  the  molecular  arrangement  of  the  partidea  must  be 
entirely  different  from  Ihat  of  the  original  crystal  Now  by  the  aid 
of  polarized  light,  such  changes  are  at  onoe  rendered  apparent ;  and 
we  thus  possess  the  means  of  obtaining  most  important  iafoxmatioii 
on  the  metamorphism  of  rocks  and  minerals,  of  whioh  ordinazy 
light  would  afford  no  indication  whatever. 

Serpentine  has  hitherto  been  a  great  puzzle  to  geologists,  some 
having  regarded  it  as  an  intrusive  igneous  rock,  othere  as  of  meta- 
morphio  origin.  As  not  unfrequently  happens,  both  are,  I  believe, 
right,  for  every  section  I  have  made  clearly  proves  it  to  be  an  altered 
rock,  and  one  specimen  from  the  Vosges  mountains  contains  nu- 
merous grains  of  olivine,  in  which  the  change  is  only  partially 
developed. 

These  few  facts  will  serve  to  indicate  the  importance  of  this 
hitherto  neglected  method  of  inquiry ;  for  although  the  pseudo- 
morphism of  many  minerals  has  been  long  studied,  little  attention 
has  been  directed  to  similar  changes  in  rock  masses. 

A  subject  of  interest  to  the  microscopical  observer,  and  one  of 
considerable  importance  to  the  petrologist,  is  the  oocurrcnoe  of 
minute  fluid  cavities  in  the  minerals  of  igneous  and  metamorphic 
rocks.  Tlicy  have  been  detected  in  several  minerals  ejected  from 
active  volcanos ;  but  so  far  as  I  have  observed,  they  are  far  more 
abundant  in  quartz  than  in  any  other  mineral.  Those  who  wish  to 
examine  them  may  do  so  by  making  a  section  of  almost  any  specimen 
of  granite.  They  are  very  numerous  in  the  granites  and  schorl 
rooks  of  Cornwall,  the  homblendic  granite  of  Mount  Sorrel,  in  the 
syenite  and  gneissoid  rocks  of  Malvern,  and  in  the  syenite  of  Crofi 
Hill,  and  neighbouring  bosses  in  Leiccsterehire.  In  these  and 
similar  rocks,  the  fluid  cavities  appear  to  be  so  entirely  restricted  to 

^  Sorby  *>  On  Examination  of  Bocks  and  Minerals"  in  Dr.  Seal's  Work  on  the 
ilierofcope. 
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the  qaarU  that  I  have  not  yet  detected  any  in  the  felraar  or  mioa; 
they  are  oertainly  extremely  rare  in  these  minerals,  if  they  ooonr  at 
aU.  This,  if  estahliahed,  would  indicate  a  difference  in  Uie  condi- 
tion under  which  the  mineraLs  were  formed,  a  point  which  I  believe 
has  not  yet  received  attention. 

For  an  account  of  the  corioriB  spontaneous  movements  of  the  fluid 
in  some  of  these  cavities,  and  for  other  interesting  matter  connected 
with  the  subject,  I  must  refer  you  to  Mr.  Sorby's  paper  already  quoted* 

During  the  past  summer  and  autumn  (1867)  I  have  collected  sped- 
mans  of  the  igneous  rooks  of  the  Midland  coalfields  from  the  follow- 
ing localities : — Elinlet  and  Shatterford,  west  of  Kidderminster ;  the 
Olee  Hills,  Little  Wenlock,  near  the  Wiekin,  in  Shropshire ;  Coal- 
ville near  Bardon  Hill,  in  Leicestershire ;  and  Matlock,  in  Derbyshire. 

A  microscopical  examination  of  thin  sections  shows  that  all  these 
rocks  belong  to  the  same  i^rpe ;  they  do  not  differ  more  from  each 
other  than  do  different  specunens  of  any  one  of  them.  The  toadstone 
of  Derbyshire  is  merely  an  amygdaloidal  variety. 

The  rooks  of  the  Warwickshire  coal-field  differ  considerfibly  from 
the  foregoing.  They  contain  hornblende  instead  of  augite,  and  are, 
therefore,  true  greenstones  or  diorites.  They  may  be  readily  examined 
in  the  railway  cutting  near  Nuneaton,  and  also  a  little  to  the  west  of 
Atherstone.  All  the  rooks  just  enumerated  are  clearly  older  than 
the  surrounding  Permians,  which  are  never  penetrated  by  them. 

Having  now  made  upwards  of  four  hundred  sections  of  rocks  and 
minerals,  I  am  inclined  to  believe  that  the  following  results  of 
microscopical  examination  will  stand  the  test  of  further  study : — 

1.  The  mineral  constituents  of  the  melaphyres  and  other  fine- 
grained igneous  rocks  may  be  determined  with  certainty,  a  result 
which  has  not  been  attained  by  any  other  method  of  examination. 

2.  The  mineral  constituents  of  the  true  volcanic  rocks,  and  those 
of  the  old  melaphyres,  are  generally  the  same. 

3.  The  old  rocks  have  almost  invariably  undergone  a  considerable 
amount  of  alteration,  and  this  change  alone  constitutes  the  difference 
now  existing  between  them  and  the  more  recent  volcanic  basalts. 

The  basaltic  lavas  of  the  Bhine  and  Central  France  are  composed 
of  a  triclinic  felspar,  augite,  magnetite,  olivine,  and  frequently 
apatite ;  the  same  minerals  as  those  constituting  the  old  rocks  above 
described.  I  have  fine-grained  specimens  of  the  latter  hardly  dis- 
tinguishable from  recent  basalts ;  and  a  section  of  dolerite  from  the 
Puy  de  Bamere,  in  Auvergne,  does  not  differ  in  any  importcuit  par- 
ticular from  coarse-grained  specimens  from  Bowley. 

It  would  be  easy  to  extend  the  parallelism  to  other  classes  of 
rocks,  but  I  will  now  only  observe  that  we  have  here  another  proof 
of  the  doctrine  long  taught  by  Lyell — the  uniformity  and  continuity 
of  the  laws  of  Nature. 


OsojLOOiOAL  Society  of  London. — Concluded  from  the  August  Num- 
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In  this  paper  the  author  entered  into  an  extended  inqniiy  how  ftr 
the  formation  of  the  Boulder-clays  and  other  glacial  remains  in 
Scotland  and  the  North  of  England  can  be  accounted  for,  on  the 
tiieoiy  of  a  great  ice-covering  lutving  at  one  time  overlain  tiie  coun- 
try in  much  the  same  manner  as  it  now  does  Greenland  and  other 
extreme  Arctic  countries.  Taking  the  hypothesis  of  Agassis  as  his 
groundwork,  Dr.  Brown  entered  into  a  minute  description  of  the 
present  glacior-system  of  Greenland,  and  the  nature  of  Arctic  ice- 
action  ;  and  into  an  inquiry  how  far  glacial  remains  in  Britain 
correspond  with  those  at  present  in  course  of  formation  in  Green- 
land, and  at  the  bottom  of  Baffins  Bay,  Davis's  Straits,  and  the 
Fjords  and  bays  adjoining  these  seas.  These  inquiries  were  com- 
menced in  the  year  1861,  and  have  been  continued  at  intervals 
ever  since  up  to  the  present  summer  in  various  portions  of  the 
Arctic  regions,  the  Continent  of  Europe,  in  Great  Britain,  and  in 
North  Amorica  across  to  the  Pacific.  The  results  of  these  extended 
researches  have  led  him  to  conclude— 1.  That  the  subazoic  boulder- 
clay  corresponds  with  the  moraine  profonde  which  underlies  glaciers, 
and  in  all  likelihood  is  the  immediate  base  on  which  the  ice-cap  of 
Greenland  rests.  2.  Tliat  the  fossiliforons,  laminated,  or  brick-clays 
find  their  counterpart  in  the  thick  impalpable  mud  which  the  sub- 
glacial  streams  are  pouring  into  the  sea,  filling  up  the  Fjords,  even 
shoaling  the  sea  far  out,  and  absolutely  in  some  cases  turning  the 
glaciers  from  their  course  into  other  valleys.  Allowing  the  very 
motlerate  computation  that  this  impalpable  mud  accumulates  at  the 
rate  of  only  6  inches  per  annum,  a  deposit  of  fifty  feet  in  a  cen- 
tury must  form. 

If  Scotland  was  at  one  time  covered  with,  an  ice-cap,  or  had  gla- 
ciers of  any  extent  (fts  cannot  be  doubted),  then  this  deposit  must 
have  been  equally  forming,  and,  as  a  geological  formation,  must  be 
accounted  for.  No  difference  could  be  detected  between  this  glacial 
mud  and  the  present  brick-clays,  and  every  fact  went  to  show  that 
it  was  to  this  source  wo  must  look  for  the  formation  of  these  lami- 
nated fossil iferous  clays.  The  amount  of  earth  depositetl  on  the 
bottom  by  icebergs  was  very  insignificant  indeed,  and  could  in  no 
degree  account  for  the  hould^r-clayy  though  it  was  shown  that  much 
of  the  houlder-drift  in  some  places  could  be  so  accounted  for.  It  was, 
however,  demonstrated  that  there  was  a  great  distinction  between 
tho  boulders  which  belonged  to  tho  moraine  profonde  and  those  which 
were  carried  off  on  icebergs  as  part  of  the  ordinary  lateral  moraines. 

Tlio  Fjords,  as  already  partially  advocated  in  a  paper  in  the  Journal 
of  tho  Royal  Geographical  Society  (vol.  xxxix.),  he  considered  due  to 
glacier  action,  tho  glaciers  having  taken  possession  of  these  Fjords 
when  they  were  mere  valleys,  and  the  coast  was  higher  than  now. 
lie  further  showed  that  the  American  explorers  are  in  error  when  they 
describe  the  coast  of  Greenland  as  rising  to  the  north  of  73®,  and 
subsiding  to  the  south  of  that  parallel.  There  had  been  a  former  rise 
of  the  coast,  and  a  fall  was  now  in  course  of  progress  through  the 
whole  extent.  Whether  these  had  previously  alternated  with  other 
rises  and  falls  is  not  clearly  evidenced  by  remains,  but  no  doubt 
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exists  that  a  rise  preceded  the  present  subsidence.  Nnmerons  &ols 
were  adduced  in  sapport  of  this  assertion.  The  remainder  of  Dr. 
Brown's  paper  was  occupied  in  an  attempt  to  apply  the  doctrines 
regarding  the  physical  action  of  Arctic  ice  to  account  for  the  Scot- 
tish glacial  remains,  and  to  deduce  therefrom  evidence  regarding 
the  changes  Scotland  underwent  during  and  subsequent  to  the 
glacial  period. 

Bath  Natural  Histoby  and  Antiquabian  Fn&LD-OLUB. — ^The 
third  excursion  pf  the  season  was  specially  devoted  to  geology. 
Twelve  members  and  two  visitors  started  by  the  8.^5  a.m.  train  from 
the  Midland  Station  for  Longhope  tfid  Gloucester.  The  famous  Long- 
hope  quarry,  where  the  Ludlow  beds  of  the  Upper  Silurian  strata  with 
olive-green  micaceous  shales  were  first  seen  dipping  at  a  high  angle 
beneath  the  New  Red  Marls,  and  left  for  exploration  until  the  return 
to  the  station.  The  Secretary  briefly  pointed  out  that  the  members 
were  standing  on  the  line  of  a  great  fault,  and  that  the  whole  mass 
of  the  Old  Bed  Sandstone  and  Carboniferous  series  of  the  Forest  of 
Dean  ought  to  come  in  between  the  New  Bed  Marls  on  which  they 
^prere  standing,  and  the  quarry  of  Upper  Ludlow  close  at  their  back. 
He  also  explained  that  owing  to  the  great  dip  of  the  beds  their  walk 
would  take  them  in  the  descending  order  across  successively  the 
Upper  Ludlow  beds,  the  Aymestry  limestone  (which  appeared  here 
to  be  represented  by  the  more  calcareous  portion  of  the  Ludlow  beds), 
the  Lower  Ludlow,  the  Wenlock  limestone  and  shales,  to  the  base  of 
the  Upper  Llandovery  rocks  of  which  May-hill  was  composed. 
Ascending  the  steep  lane  and  reaching  the  top  of  the  ridge,  a  fine 
section  of  Wenlock  limestone  is  exposed  with  its  associated  shales, 
and  on  the  refuse  heaps  various  chiuracteristic  fossils  were  collected, 
t.  6.,  Atrypa  reticularis,  Orthia  eleganiula,  Bhynchonella  {horedLis)f 
Strophomena  depressa,  Cyaihophyllum,  Bryozoa,  etc.  After  lunch 
Mr.  Symonds  gave  an  eloquent  reaumS  of  the  geology  of  the  district 
All  had  heard,  he  said,  of  the  Laurentian  rocks  of  Canada,  the  most 
ancient  sedimentary  stratra  in  the  world.  The  equivalents  of  these 
had  been  found  in  the  Isle  of  Lewis,  on  the  west  coast  of  Scot- 
land, in  Sutherland  and  Boss,  and  he  believed  they  were  now  look- 
ing upon  old  Laurentian  deposits  in  those  metamorphosed  rocks 
forming  the  Malvern  range  before  them.  Associated  with  these 
deposits  were  ancient  lava  beds  traversing  them  as  dykes,  these  being 
representatives  of  the  oldest  volcanic  rocks  in  England.  Li  these 
were  apparent  the  cause  of  that  metamorphism  and  disturbance 
so  evident  on  all  sides.  On  their  flanks  rested  quartzites,  which 
may  be  certain  altered  representatives  of  the  Cambrian  rocks,  and 
along  the  South  Malvern  were  the  Lower  Silurian  rocks  also  here 
and  there  altered  by  the  volcanic  influences  referred  to.  Allusion  was 
here  made  to  the  result  of  Dr.  Holl's  labours  in  working  out  the 
geology  and  mineralogy  of  the  Malvern  rocks,  and  Mr.  Symonds 
proceeded  to  describe  how  after  the  deposit  of  the  Lower  Silurians, 
and  about  the  period  of  the  Upper  Lingula  beds,  there  was  an  out- 
burst of  volcanic  matter  again  along  the  line  of  the  Malvems,  which^ 
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na  in  Socnrdonia,  abowomi)  its  uhea  into  tbc  snrrtmnding  leL  III  fit  ' 
UAlvem  oanstry  the  aiU*  of  the  Uaadello  and  Caradoc  formatioiii  ii 
occupied  tty  trap,  no  Caradoo  proper  boiog  found  in  tb-is  cousttr. 
AttliiB  dms  waa  formed  the  mluntoar  basalu  near  Eastnor,  the  renill  i 
of  a  lava  outpouring  inta  a  shallow  sea.  After  this  the  base  of  th« 
Upper  Silurians,  vis.,  th«  ooarse  and  fine  conglomerates  of  May-hill, 
which  muat  thea  have  been  n  sinking  area,  were  formed  from  thedie- 
integration  of  the  rocka  of  the  more  ancient  periods,  and  waahing*  of 
a  shallow  sea.  I 

Having  thus  brought  the  thoughts  of  the  members  to  the  atnts  I 
on  which  they  w^re  standing,  Mr.  Symonds  described  the  variom  | 
ohangea,  thrODgfa  earthquake  and  other  volcanic  agencies,  in  tlie  | 
height  of  the  land  which  had  taiken  place  after  the  Permian  period, 
and  aaid  that  he  had  no  doubt,  were  a  tunnel  cut  through  the  hill, 
they  would  find  the  same  nuoleua  of  Ghieisaic  beds  beneath  thdi 
feet  as  compoaed  the  Malvern  mng«.  The  summit  of  May-hill  was  | 
composed  of  the  usual  conglomerate  which,  so  far  as  his  experience 
extended,  always  composed  the  base  of  the  Upper  and  the  Lower 
Llandovery;  at  May-hill  it  was  the  base  of  the  Upper  Llandovery  i 
beds  that  tiiej  were  standing  on.  Some  idea  of  the  elevatioii  of  tba  I 
May-bill  sandstone  might  be  flSEmed  from  the  fact  that  all  the  mix  \ 
of  the  Upper  Siluriana  of  Ledbury,  the  Old  Red  Sandstone  of 
Herefordshire,  iiriil  [ir-ibably  the  Curbonilcroiis  rook?  of  IK^aii  Forest 
once  overlay  the  beds  beneath  their  feet.  Crosaing  to  the  west 
side  of  the  hill  whence  the  Forest  of  Dean  coal  field  could  be  aeen, 
Mr.  Symonda  stated  that  the  great  dislocation  which  had  cauaed  the 
elevation  of  the  strata  on  the  west,  and  the  downthrow  on  the  east, 
had  taken  place  during  the  Permian  period,  and  in  conclusion  be 
drew  attention  to  the  vast  amount  of  denudation  which  must  have 
taken  place,  as  most  probably  the  Carboniferous  limestone  bad  for- 
merly extended  from  tho  South  Wales  coal  basin  to  the  Clee  billa  in 
Shropshire.  He  also  mentioned  the  detection,  a  few  weeks  ago.  of 
the  HafSeld  or  (Permian)  breccias,  on  the  eastern  flanks  of  May-hill, 
by  himself  and  Mr.  W.  E.  Price,  of  Tibberton  Court,  and  that  Mr. 
Price  had  since  then  found  a  fossil  in  one  of  the  pebbles  embedded 
in  the  breccia,  which  he  hoped  might  give  them  some  clue  aa 
to  the  ago  of  the  deposits  from  which  the  pebblea  in  tlie  breccia 
were  derived.  An  inspection  of  the  quarries  on  the  top  of  the  hill 
was  now  mode,  and  a  most  satisfactory  confirmation  of  the  theory 
that  May-bill  is  compoaed  of  Llandovery  rocks  took  place,  some  of 
the  members  being  fortunate  enough  to  discover  in  the  coarse  con- 
glomerates which  crop  out  on  the  top  of  the  hill,  several  fossils, 
which  Mr.  Symonds  at  once  identified  as  characteristic  of  the  Llan- 
dovery formation,  .i,e,  Peutamems  Uvis  or  ohlongua,  Orthu  eal- 
ligramrm,  TenlacvliUe,  ele. 

BioHHoND  Natukalistb'  Fibld-club.' — An  excursion  was  made 
by  this  excellent  Club  to  Fiamborough  Head  on  the  21st  of  June, 
1870,  under  the  direction  of  Edward  Wood,  Esq.,  F.G.S.,  the 
esteemed  Preaident  and  founder  of  this  Society, 

'  From  the  Eichmond  *nd  EipoB  Chronicle,  June  SSth,  IBTO. 
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Thb  mainobjeotof  tiie  Society  has  ahraja  been  to  devdope  an  in- 
terest in  Natuzal  Hiatoiy,  Qeology,  Botany,  and  the  kindxed  Bciencea» 
and,  with  this  object  in  Tiew,  ezonnions  haTe  been  nndertaken 
at  different  times— on  some  ooossions  on  foot  in  the  iminediate 
nei^bourhoody  and  at  otheis  by  cooTeyances  or  by  nH,  to  places 
interesting  fiom  their  geological  and  botanical  features. 

This  year  it  was  ananged  by  Mr.  Wood,F.GA  (the  President), to 
imdertake  a  journey  to  flamborongh  Head,  a  distance  by  rail  of  up- 
wards  of  100  miles,  for  a  day's  excnrsion.  Hie  undertaking  was 
somewhat  daring,  as  the  time  consumed  in  railway  travelling  was 
six  hours  eadi  way,  and  necesssrQy  abridged  the  hours  to  be  deroted 
to  the  scenery  of  Flamborough.  The  arrangements  made  by  Mr. 
Wood  were,  lM>wever,  so  complete,  that,  had  it  not  been  for  a  slight 
accident,  the  success  of  this  excursion  would  have  been  unprecedented. 

The  21st  of  June,  the  longest  day  being  chosen,  happening  as  it 
did  to  fit  with  the  state  of  the  tide,  iHiich  is  a  point  of  some  import- 
anoe,  anangementB  had  been  made  with  the  North-Eastem  Bailway 
Company  for  special  camages  to  be  placed  at  the  disposal  of  the 
members,  who  travelled  vtd  Malton  and  Seamer  Junction.  Accord- 
ingly the  members,  numbering  upwards  of  eighty  ladies  end  gentle- 
men, met  at  the  Richmond  Baolway  Station  at  6.40,  and  proceeded  on 
their  journey.  A  halt  took  place  at  Thirsk,  and  another  at  Malton. 
At  half-past  twelve  Bempton  Station  was  reached,  where  a  number 
of  carnages  were  in  waiting  to  convey  the  excnrsionists  to  Flam- 
borough  Head.  A  walk  of  great  interest  along  the  cliffs  was  the 
feature  of  the  day's  excursion,  and  the  weather  being  exceptionally 
beautiful,  the  sea  as  smooth  as  glass,  the  sky  clear  of  cloud,  and  a 
midsummer  sun  lighting  up  the  scene  gave  additional  interest  to 
what,  under  any  circumstances,  might  be  described  as  one  of  the 
most  magnificent  coast  scenes  in  £ngland.  This,  the  most  Eastern 
part  of  the  Chalk  formation  in  England,  is  the  most  striking  promon- 
tory on  the  coast,  the  clifb  at  some  points  being  upwards  of  400  feet 
above  high- water.  The  Chalk  of  Flamborough  is  remarkably  rich,  in 
fine  silicified  sponges  {Bkizospongia  polymorpha  and  the  genera  S^ho^ 
•M,  Jarea,  EudeOy  etc.)  The  wadk  idong  the  grand  and  rugged  diffs, 
-which  here  and  there  open  into  small  bays  with  spires  of  rock  of 
immense  size  and  most  grotesque  forms,  is  most  picturesque.  Several 
baits  were  made,  when  the  President  pointed  out  the  haunts  of  the 
sea-birds  in  the  clefts  of  the  rock.  At  the  termination  of  the  walk 
most  of  the  party  descended  a  ravine  where  boats  were  waiting  to 
conduct  them  to  the  celebrated  caves — ^the  most  striking  of  which— 
Bobin  Lyth's  hole,  is  nearly  50  feet  high,  and  approached  by  a  very 
narrow  entrance  on  the  land  side.  Bobin  Ly^  a  fierce  pirate,  is 
aaid  to  have  made  this  cavern  his  stronghold. 

After  visiting  the  caves  the  party  returned  to  the  carriages,  which 
"were  waiting  a  short  distance  off  to  convey  them  to  Bridlington 
Quay ;  on  the  way  there  a  delay  took  place  firom  the  upsetting  of  a 
-wagonette  in  which  were  six  or  eight  of  the  excursionists.  Fortu- 
nately no  serious  injury  was  sustained  by  the  occupants.  The  mis- 
fortune, however,  so  £u  interfered  with  tlie  arrangements  of  the  da:^> 
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that  the  excursionists  were  unable  to  sit  down  to  tibe  dinner,  to  whidi 
they  had  been  invited  by  the  President  at  the  Alexandra  Hotel,  until 
nearly  half-past  five,  at  which  hour  they  onght  to  have  been  on 
their  return  journey.  In  conseqnence  of  the  hurry  the  party  were  not 
able  io  do  justice  to  the  magnificent  repast  which  had  been  prepared. 
The  usual  loyal  toasts  were  obliged  to  be  dispensed  with,  but  the 
President  said  he  could  not  let  the  opportunity  pass  without  proposing 
the  health  of  the  Vicar  of  Bridlington,  who  had  joined  tiie  excur- 
sionists and  kindly  acted  as  Cicerone.  In  proposing  the  toast,  Mr. 
Wood  mentioned  the  fact  that  the  Rev.  gentleman  had  earned  a  tide 
to  the  gratitude  of  aU  naturalists  from  his  exertions  in  originating 
and  forwarding  the  measure,  which  had  now  become  law,  for  the 
protection  of  sea-fowl.  In  returning  thanks,  the  Bev.  H.  Barnes 
said  that  although  he  had  taken  great  interest  in  the  question,  the 
thanks  of  the  nation  were  equally  due  to  his  friend  Mr.  Harland. 
Mr.  Armstrong,  of  Bichmond,  proposed  the  health  of  Mr.  Wood,  the 
President,  and  eulogised  his  exertions  on  behalf  of  the  Naturalists' 
Club.  The  President  replied  in  a  few  words,  and  the  party  then 
hurried  off  to  the  station  to  catch  the  train  for  Scarborough  at  six 
o'clock,  when  it  was  found  that  the  station  master  had  sent  off  the 
carriages  without  any  occupants  to  Scarborough.  In  consequence  of 
this  the  whole  party  were  detained  at  Bridlington  until  eight  o*clock, 
when  they  proceeded  to  Scarborough,  from  whence  a  special  train 
was  engaged  by  the  President  to  take  them  to  York,  to  meet  the 
fast  train  for  the  north  at  10.25.  The  party  arrived  safely  in 
Bichmond  at  midnight. 

coE»ierEisi=>oisrDE2sroEi. 

MR.  DAVID  FORBES'S  LECTURE  ON  VOLCANOS. 

Sib. — ^The  able  lecture  of  Mr.  D.  Forbes,  on  Volcanos,  delivered  in 
St  George's  Hall,  on  the  19th  June  last,  and  printed  in  your  July 
Number,  contains  views  so  nearly  identical  with  my  own  upon  this 
interesting  branch  of  Greology,  that  I  may  be  allowed,  perhaps,  with- 
out apparent  presumption,  to  mention  a  very  few  points  on  which  I 
am  inclined  to  differ  from  the  lecturer. 

1.  In  his  description  of  a  volcanic  eruption,  p.  318,  line  1,  he 
ascribes  the  formation  of  the  **  Volcanic  ash  or  dust,"  (which  may  be 
estimated  to  compose  at  least  a  moiety  of  the  products  of  every  con- 
siderable eruption,  being  carried  away  by  winds,  and  spread  often  in 
layers  of  some  depth,  over  enormous  areas  of  sea  and  land)  to  *'  the 
instantaneous  reduction  to  an  almost  impalpable  powder"  of  liquid  lava 
ejected  by  the  gaseous  explosions  which  constitute  one  of  the  main 
features  of  an  eruption.  Now  my  observations  on  the  Vesuvian 
eruption  of  1822  convinced  me  that  the  jets  of  lava  thrown  up  by 
the  great  bursting  bubbles  of  steam  (or  steam  mixed  with  various 
gases)  that  rise  with  vast  force  in  a  continuous  stream  from  within 
the  molten  matter  exposed  in  the  vent,  consist  for  tho  most 
part  of  tattered  and  jagged  fragments — scoria)  in  fact  torn  from 
the  liquid  sur&ce,  and  cooling  as  they  ascend  in  the  air — some  of 
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tiiem  shot  vp  as  still  liquid  drops,  and  therefore  taking  the  form  of 
^  bombs"  as  they  descend ;  but  that  these  fragments  are  at  first  of  some 
considerable  size,  and  only  become  reduced  to  the  comminution  even 
of  the  ordinary  ''puzzolana,"  in  which  the  grains  vary  from  the  size 
of  a  nut  to  that  of  sea-sand,  and  ultimately  of  "  impalpable  powder 
or  dust,"  through  the  effect  of  their  trituration  inter  m  in  the  air 
during  the  process  of  repeated  fJEdls  into,  and  rejection  from,  the  crater. 
In  proof  of  this  I  would  adduce  the  fact,  that  not  only  were  the 
fra^entary  ejections  from  the  Volcano  in  the  earlier  period  of  the 
eruption  I  have  named  visibly  composed  for  the  most  part  of  coarse 
materials,  but  that  day  by  day  as  the  explosive  bursts  from  the 
crater  continued,  the  matter  they  projected  and  which  fell  from  the 
air  on  the  surrounding  country,  be^une  finer  and  more  pulverulent, 
until  at  length  towards  the  close  of  the  eruption  after  20  days  dura- 
tion, it  consisted  solely  of  a  powder  so  impalpable,  that  its  distinct 
particles  were  undiscoverable  by  aid  of  the  strongest  lens  I  possessed, 
and  which  in  virtue  of  this  tenuity  penetrated  the  closest  apartments 
in  Naples,  wherever  air  could  permeate,  and  lay  thick  upon  the  tables 
and  furniture,  even  where  all  apertures  were  carefully  closed. 

2.  Again,  in  p.  323,  when  describing  the  effects  of  a  submarine 
eruption,  Mr.  Forbes  says  ''  the  molten  lava  coming  in  contact  with 
the  water,  is  at  once  broken  up  into  fragments,  coarser  or  finer  in  pro- 
portion to  the  greater  or  less  cooling  power  of  the  water  in  immediate 
contact  with  them,  and  often  in  great  part  instantly  converted  into 
fine  mud  .  .  .  beds  of  which,  spread  out  by  the  action  of  the  sea, 
often  enclose  shells  &oJ'*  Now  what  authority  is  there  for  this 
assertion  that  the  contact  of  water  with  molten  lava  at  the  bottom 
of  the  sea  instantly  converts  it  into  mud  ?  It  is  very  difficult,  not 
to  say  impossible,  to  do  more  than  guess  at  the  effect  produced  on  a 
body  of  lava  expelled  from  a  volcanic  vent  beneath  water.  But  I 
am  strongly  inclined  to  believe  that  the  reduction  into  coarse  ash  or 
fine  mud  of  its  superficial  portions — for  certainly  the  great  bulk  of 
submarine  lavas  have  flowed  upon  the  sea-bottom  much  in  the  same 
-way  as  on  dry  land,  spreading  over  the  lower  levels  according  to  the 
ordinary  laws  of  gravity  effecting  liquids — has  been  the  result  of 
continued  trituration  under  the  influence  of  the  disturbed  water,  and 
not  of  any  "  instantaneous"  division  into  powder  by  the  sudden  con- 
tact of  sea- water.  If  we  are  to  speculate  on  the  probable  effects  of 
a  submarine  eruption  (and  we  have  naturally  not  many  facts  to  guide 
OS  in  this  matter),  it  would  seem  most  likely  that  any  outbursts  of 
steam  which  may  take  place  from  an  exposed  surface  of  lava,  in  such 
a  position,  would,  if  the  depth  of  water  above  it  were  considerable- 
say  100  feet  or  more — be  condensed  long  before  they  could  reach  the 
upper  air.  But  these  bursts  may  very  probably  drive  upwards  scori» 
and  ash,  that  is  tattered  fragments  of  lava  torn  from  its  surface,  just 
as  when  the  eruption  is  sub-aeriaL  Such  a  jet  of  fragmentary  lava 
would  scarcely  rise  above  the  sea-level  untU  the  apex  of  the  sub- 
marine volcano  had  been  raised  by  the  accumulation  of  ejected  matter 
to  within  so  short  a  distance  of  the  surface  as  to  permit  the  bursts  of 
steam,  uncondemed,  together  with  the  fragmentary  matters  thA^  dsc«% 
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up,  to  reaoh  the  open  air.  In  either  oaie  fhe  distarbenoe  of  the  aee- 
water — ^whether  at  great  depths  through  the  repeated  oatbont  and 
immediate  oondenaation  of  huge  bubbles  of  steam,  or  by  the  additiimal 
aotion  of  the  waves  when  the  month  of  the  Toloano  had  risen  high 
enough  to  be  affected  by  them — would  amply  aooount  for  the  tritur- 
ation of  the  fragmentaiy  lava  into  the  materials  of  ash  or  mud«  as 
well  as  its  spreading  over  large  oontignous  areas. 

Thus,  whether  in  the  oase  of  sub-aerial  or  subaqueous  Toloanio 
eruptions,  I  see  no  reason  for  attributing  the  fine  diyiaion  of  the 
mineral  matter  which  composes  the  fragmentary  lava-rooks,  oom- 
monly  called  Yoloanio  ash,  taS,  peperino,  or  puiscdana,  to  any 
sudden  or  instantaneous  process,  but  to  simple  mechanical  tritora- 
tion,  or  the  rubbing  against  each  other  of  a  crowd  of  ooaise  particles, 
forcibly  set  in  motion,  whether  in  the  air  or  water. 

Since,  as  I  before  observed,  sudi  fragmentary  matter  constitutes  at 
least  one  moiety  of  all  volcanic  formations,  of  whatever  age,  the 
question  of  its  mode  of  production  is  not  unimportant 

3.  With  respect  to  the  controversy  as  to  the  causes  which  have 
shaped  out  the  terrestrial  surfaces  of  the  globe,  I  need  only  refer  to 
the  short  paper  which  appeared  in  your  number  for  June,  1866 
(GiOL.  Mag.,  Vol.  III.,  p.  241),  to  prove  my  entire  accordanoe  with 
the  argument  of  Mr.  Forbes  (p.  327),  that  ''the  most  prominent  part 
in  the  determination  of  the  external  features  of  the  earth  "  must  be 
assigned  ''to  its  internal  agencies,"  to  which  alone  is  owing  the 
occasional  elevation  of  great  masses  of  land  up  to  and  often  far  above 
the  sea-level,  and  their  consequent  exposure  to  the  sculpturing  and 
denuding  influences  as  well  of  ocean  waves  and  currents,  as  of  the 
meteoric  sub-aerial  forces — rain,  rivers,  frost,  glaciers,  etc.^ 

4.  The  only  other  remark  I  wish  to  make  on  Mr.  Forbes's  lecture 
has  reference  to  the  mode  in  which  he,  as  others  have  done  before 
him,  employs  the  word  "Cataclysm,"  or  "Cataclysmic,"  as  involving 
an  idea  opposed  to,  or  inconsistent  with,  that  of  "  Uniformity " 
(p.  327,  lino  21). 

I  understand  by  a  "  Cataclysm "  exactly  what  in  my  work  on 
Volcanos  I  have  preferred  to  call  a  "  Paroxysm,"  i.e.,  a  more  than 
ordinary  violent  event  in  the  physical  history  of  the  globe,  as  for 
example,  an  extraordinary  earthquake,  volcanic  eruption,  or  flood, 
such  as  occurs  })erhaps  but  once  in  a  century  or  even  in  a  tiiousand 
years,  but  whidi  is  still  perfectly  consistent  with  the  general  uni- 
formity of  the  terrestrial  and  cosmical  agencies.    The  theory  which 

1  I  obienro  that  Colonel  Greenwood,  in  jonr  last  number  (p.  395),  ridicules  the 
phrase  *' meteoric,"  as  applied  to  the  sub-aerial  denudiof  agencies,  instead  of  **ram 
and  riifers,"  But  can  he  not  see  that  his  favourite  formula  leares  out  the  influenosi 
of  alternate  frost  and  thaw,  of  snow  and  ice,  of  electricity,  chemical  dccoranitsition, 
etc.,  all  more  or  less  efifectivo  in  wearing  away  the  exposed  surfaces  of  liina  ?  Tlie 
Colonel  seems,  too,  to  claim  for  himself  the  orirination  of  what  he  calls  **  the  nin 
and  river  theory  of  erosion/*  Now,  without  denying  the  "originality"  of  much 
in  Colonel  Greenwood's  volume,  yet  its  first  edition  was  printed  only  in  1857,  and 
geologists  are  well  aware  that  through  half  a  century  before  that  date  the  doctrine  of 
the  enormous  influence  of  atmospheric  agencies  (rain  and  rivers  inclusive)  in  mould- 
ing the  surface  of  the  earth  had  been  earnestly  advanced  by  Hutton,  Playfair,  Lyell, 
myielfi  sad  othen.    (8e«  Uuarterly  Boriew  for  June,  1827,  p.  477.) 
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is  reall j  inooiunstoiit  with  that  of  ITiiifSormity  is  wliai  Piofbnor 
Huxley  calls  Evolutionism,  and  which  Iprefer  to  call  ProgroBsion  or 
ProgressiTe  BoTolopmeni.  Even  Mr.  Huxley  has,  it  teems  to  me, 
abused  the  similar  word  **  Oatastrophioal "  by  taking  it  to  indioate  a 
*'  tertium  quid,"  a  theory  as  muoh  ojf^xMsd  to  Erolutiomsm  as  to 
Unifonnitaiianism.^  Whereas  I  oonoeiTe  the  idea  of  oooadonal 
Oatastrophes  or  Ptooiysms  to  be  quite  compatible  with  either 
thtoxy. — Tour  obedient  servant^ 
FAiELiirar,  CoBHAx,  SuxuT.  G*  PoULiTT  SoBon. 


DISOOYSRY  OF  FLIKT-IMPLRMBNTS  If  BAB  FOLKBSTONB,  KENT. 

Snt, — It  may  both  interest  some  of  your  readers  as  well  as  stir  xsp 
those  dwelling  in  the  neighbourhood  to  know  that  during  the  oourse 
of  the  last  month,  I  found  at  Folkestone  several  Flint-implements. 
Along  the  sides  of  the  footpath  on  the  top  of  the  cliff  between 
Folkestone  and  Sandown,  there  is  a  low  emoankment,  made  proba- 
bly of  material  collected  off  the  adjoining  fields ;  in  this  embank- 
ment the  implements  occur.  They  are  mostly  of  the  rude  flake  or 
"  scraper  "  pattern.  The  first  discovered,  which  was  also  the  finest, 
was  lying  partly  exposed  on  the  top  of  the  bank,  and  subsequently 
my  brother  and  myself  found  several  more  not  far  from  the  same 
spot.  I  enclose  sketches  of  the  principal  ones,  and  I  have  little 
doubt  that  farther  search  in  the  same  bank  would  bring  many 
others,  and  possibly  finer  ones,  to  light — I  am,  eta, 

St.  Thomas's  Rectort,  Brahfton,  ▼  «  tlt,,,^  tut  k     t?  n  a 

CHEtfTRRFIBLD,  Auff.  16,  1870.  ^'  ^'  ^■"^'  ^'^f  ^-G-S- 

[NoTB.— The  locality  referred  to  bj  the  Ber.  J.  M.  Mello  is  one  of  greet  interest 
and  has  been,  we  believe,  already  noticed  by  Mr.  John  Evans,  F.R.S.,  Sec.  Qeol.  Soc, 
Mr.  W.  Whitaker,  F.G.S.,  and  other  gentlemen ;  by  whom  stone-implements  hate 
also  been  obtained  thereabonti.  A  flint-flake,  corresponding  with  the  largest  ibond 
by  Ifr.  Mello,  is  fieiired  on  Plate  xxriL  a.  of  the  ^*  Btliquia  AguiUmim^'*  by 
Messrs.  Lartet  and  Christj.  Figs.  4  and  5  of  Mr.  Mello's  sketch  resemble  a  **  Flint 
piercer*'  from  La  Madeleine  (Op.  cit  woodcut  fig.  62,  p.  134,  Part  X)  and  an  **  Awl 
or  Orarer  "  (fig  23,  p.  130.  op.  dt).  Both  in  Kent  ana  Sussex,  a  large  manufactory 
of  flint-implements  was  undoubtedly  carried  on  in  prehistoric  times. — Edit.  Obol. 
Mao. 

HALL'S  MINERAL00IST8'  DIRECTORY. 

BiSL, — In  your  notice  of  Hall's  Mineralogists'  Directory  in  the 
August  Number  of  the  Gxolooioal  Magazine,  p.  882,  you  express  a 
hope  that  information  as  to  omissions  and  errors  will  be  liberally  ro- 
sponded  to  by  local  oolleotors  so  that  the  new  edition  promised  by 
the  author  may  be  more  complete  and  accurate  than  the  present  one. 
Having  used  Mr.  Hall's  book  for  some  time  I  have  great  pleasuie  in 
testifying  to  its  general  accuracy,  at  the  same  time  I  venture  to  offer 
a  few  notes  on  one  district  (Oomwall)  with  which  I  am  well 
acquainted,  which,  perhaps^  may  be  useful  to  some  of  your  leaders 
and  also  to  Mr.  HalL 

^  AamieHmj  Addnii  to  GeoL  Soc,  1869. 
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At  Huel  Basaett  tlie  ooonrrenoe  of  ' CaBsiterite '  ib  omitted;  at 
Pengelly  of  *  Millerite.' 

At  Stenna  Gwynn  <  WaTellite'  is  named  in  mistake  for  'TaviB- 
tookite'  (vide  new  edition  of  Dana). 

The  occurrence  of  '  Senarmontite'  is  not  mentioned  at  Endellion. 
'Uranochre'  has  never  been  found  at  the  Boyal  Restormel  iron 
mines,  but  only  the  *  Bismuthochre/  while  '  Bestormelite*  is  omitted. 

Several  important  mines  have  been  overlooked  entirely,  e^., 
'Silver  Vein,'  near  Lostwithiel,  in  which  is  found  Argentiferous 
Tetrahedrite ;  the  'St  Austell  Consols,'  producing  Chalcopyrite, 
Eupfemickel,  Clobalt,  and  Pitchblende ;  and  '  Lanescot*  or  '  Fowey 
Consols,'  in  which  occur  Chalcopyrite,  Chalcotrichite,  Magnetite, 
Chalybite,  Cassiterite  (Wood-tin),  Eupfemickel,  Cobalt,  Bismuthine, 
MiUcrite,  Melaconite. 

I  would  ask  Mr.  Hall  why  he  uses  the  name  '  Towanite'  throughout 
his  book  instead  of  '  Chalcopyrite,'  or  Copper  Pyrites,  as  the  names 
are  not  synonymous,  the  former  having  been  given  by  Greg  and 
Lettsom  to  the  modification  found  at  Huel  Towan ;  and  also  why  he 
calls  'Limonite,'  'Limnite.'  Limonite  is  derived  from  the  Greek 
Xeififov,  a  meadow,  and  is  almost  exclusively  applied  to  the  Brown 
Iron  Ores ;  while  '  Limnite,'  from  Xi/ivrj,  a  marsh,  is  applied  to  the 
Yellow  and  Stalachtitic  bog  iron  ores.  To  these  varieties  are  given 
distinct  formulse  in  Dana's  last  edition,  and,  therefore,  they  may  be 
regarded  as  species  for  the  present 

Apologizing  for  intruding  on  your  valuable  space  I  am,  etc., 

B&ACKLET,  August  22,  1870.  B.  J.  B. 
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New  British  Locality  fob  Avantubine-quabtz. — This  scarce 
variety  of  quartz  has  recently  been  observed  by  Mr.  G.  W.  Traill  in 
Orkney,  on  the  S.  and  S.W.  shores  of  Inganess  Bay.  It  occurs  in 
the  form  of  small  rolled  pebbles,  seldom  exceeding  an  inch  in 
diameter,  but  well  marked,  and  occasionally  fit  for  ornamental  pur- 
poses. The  colour  is  usually  reddish-brown,  but  sometimes  yellow. 
The  scales  of  mica  are  very  numerous,  of  a  golden  colour,  small, 
uniform  in  size,  and  generally  disposed  in  pcoallel  planes  as  if  they 
had  settled  in  a  liquid ;  but  in  a  few  of  the  specimens  this  regular 
arrangement  does  not  appear.  The  reddish-brown  variety  is  very 
compact,  takes  a  high  polish,  and  has  a  specific  gravity  of  2-62 ;  the 
yellow  is  of  a  fine  granular  structure,  and  has  a  specific  gra\'ity  of 
2*60.  This  appears  to  be  almost  the  only  well-ascertained  British 
locality  for  avanturine-quartz ;  and,  as  the  rocks  in  the  neighbour- 
hood are  entirely  sandstone,  the  situation  is  somewhat  peculiar. 


The  Congress  of  Alpine  Geologists  which  was  to  have  been 
held  at  Geneva,  on  Slst  August  and  the  1st  and  2nd  September,  is  in- 
definitely postponed,  owing  to  the  present  unsettled  state  of  Europe. 
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I. — On  the  Obigin  of  the  Drifts,  so-oallsd  Mobaikies,  and 
Glaciated  Book-Subfaces  of  the  Lake  Distbiot.^ 

By  D.  Mackintosh,  F.G.S. 

(PLATES  XXIV.  AND  XXV.) 

THE  Lake  District  differs  from  other  parts  of  England  in  the 
comparative  absence  of  table-lands  or  broad  uplimd  plateaox. 
The  original  momitain-masses  have  in  most  parts  been  eaten  into  by 
denudation  to  such  a  depth  as  to  leave  only  a  series  of  narrow 
ridges  or  edges  which  act  as  buttresses  to  small  peaks.  When  the 
pedestrian  has  climbed  up  from  the  inner  end  of  one  profound  ex- 
cavation, he  finds  himself  on  the  brink  of  another.  The  larger 
valleys  are  deepest  at  thoir  inner  ends,  and  shallow  out  and  narrow 
off  towards  their  entrances.  Their  floors  fall  so  slightly  outwards 
that  were  the  outlet  stream-channels  to  be  filled  up,  the  valleys 
would  be  converted  into  troughs.  In  most  instances  their  moutlis 
are  confronted  by  higher  ground,  and  this  is  sometimes  so  strikingly 
the  case  that  in  approaching  a  valley  from  the  surrounding  belt  of 
Carboniferous  strata,  you  find  yourself  going  down  instead  of  up 
among  the  mountains.  The  highest  ground  is  not  in  the  centre,  but 
irregularly  surrounds  a  comparatively  depressed  area  about  ten 
miles  in  average  diameter.  Such  a  configuration  of  country  could 
not  have  been  the  best  adapted  for  accommodating  a  quantity  of 
snow  at  a  high  level  sufficient  to  send  very  large  "  tongues  of  ice  " 
along  the  radiating  valleys.  During  the  glacial  period  the  whole 
district  was  probably  enveloped  in  an  ice-sheet,  which  may  have 
glaciated  rock-surfeces,  and,  by  its  grinding  action,  worked  up  a 
great  part  of  the  matter  now  composing  the  Boulder-clay ;  but  the 
surface-configuration  of  the  district  renders  it  difficult  to  conceive 
how,  during  the  gradual  increase  or  diminution  of  the  ice-sheet, 
very  extensive  glaciers,  separated  by  ridges  not  buried  under  ice, 
could  have  been  supported  in  at  least  many  of  the  valleys.  In 
favourable  positions,  however,  valley-glaciers  may  for  a  time  have 
existed,  and  may  have  smoothed  and  striated  rock-surfaces.  They 
may  likewise,  especially  in  the  more  abrupt-sided  valleys,   have 

»  In  the  article  on  Shapfell  Boulders  (Aug.,  1870,  Vol.  VII.),  p.  350,  line  9  from 
foot  of  page,  for  Stainmore^  read  Stainmoor ;  same  page,  line  13  from  foot,  the  /  in 
Kendal  was  omitted. 

VOL.  VIT.— HO.  LXXTI.  ^^ 
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intercepted  and  collected  fejling  screesy  which  of  oonrae  would  form 
moraines.  A  part  of  the  debris  may  haye  foimd  its  way  through 
cracks  to  the  beds  of  the  glaciers,  and  terminal  moraines,  resulting 
from  the  shedding  of  supra-glacial  detritus,  may  have  become  mixed 
with  protruded  sub-glacial  mud  and  stones.  But  the  constantly* 
encroaching  sea,  during  the  sinking  of  the  Icuid,  must  have  re- 
distributed the  moraine  matter  (as  Professor  Bamsay  has  shown  it 
must  have  done  in  North  Wales)  to  such  an  extent  that  it  would 
now  be  unreasonable  to  look  for  many  instances  of  unmodified 
glacial  moraines  in  the  lower  valleys  of  the  Lake  District  The 
existence  of  false-bedded  sand  and  gravel  up  to  at  least  1,000  feet 
above  the  present  sea-level,  {see  seqtkd)  shows  that  the  country  was 
certainly  submerged  to  that  extent,  and  the  mode  of  oocnrrence  of 
Bouldcr-clay  at  higher  levels  would  seem  to  indicate  a  deeper  sub- 
mergence, 80  that  very  few  unmodified  moraines  of  the  pre-marine 
set  of  glaciers  are  probably  now  to  be  found. 

In  the  Lake  District  the  true  glacial  moraines,  consisting  mainly 
of  ridges  or  banks  of  loose  angular  stones,  are  chiefly,  though  not 
exclusively,  to  be  seen  in  upland  valleys  and  cwms,  where  they 
were  probably  shed  by  small  glaciers  after  the  emergence  of  the 
land.  At  low-levels  the  moraine-matter,  along  with  matter  detached 
by  the  direct  action  of  the  sea,  has  been  so  rearranged  that  the 
external  form  of  the  hillocks,  knolls,  and  ridges,  supposed  by 
many  observers,  at  first  sight,  to  be  real  glacial  moraines,  is 
merely  a  continuation  of  the  contour  of  the  undulations  which 
diversify  the  surface  of  the  drift-deposita  in  the  valleys,  on  the 
plains,  and  along  the  sea-coast.  Where  good  sections  are  obtained, 
many  of  the  reputed  moraines  are  found  to  consist  of  pinel,  often 
distinctly  surmounted  by  loam,  both  of  which  are  an  inland  and 
upland  extension  of  the  general  Boulder-clay  of  the  N.W.  of  Eng- 
land.* From  Troutbcck,  Windermere,  Kentmere,  Ullswater,  Borrow- 
dale,  Crummock,  and  other  valleys,  the  alternating  flat  expanses, 
and  knolls  and  basins  of  drift,  run  out  to  great  distances  along  the 
neighbouring  plains,  where  they  ramify  in  various  directions.* 
There  is  no  difterence  in  form  between  the  plateaux  and  undulations 
at  the  lower  end  of  Troutbeck  valley  and  those  wliich  cross  the 
watershed  between  Windermere  and  Kendal,  and  run  along  between 
Kendal  and  Lancawter,  while,  in  internal  structure,  the  difference 
(where  any  difference  exists)  is  only  wliat  may  have  I'esulted  from  a 
deep  or  shallow  sea,  flat  or  sloping  ground,  and  a  greater  or  less 
share  of  ice-action  in  connection  with  that  of  water. 

The  theory  of  a  general  ice-covering,  with  an  ice-foot  changing  its 
level  upwards  as  the  land  went  down  beneath  the  sea  (as  ably 

^  Many,  if  not  most  of  these  mounds  exist,  because  the  drift  of  which  they  consift 
was  directly,  or  indirectly,  arrested  by  a  projecting  boss  of  rock. 

^  The  regularly  ilat  or  curvilinear  surface  of  drift-deposits  is  owing  partly  to 
deposition  and  partly  to  denudation.  It  could  only  have  been  left  by  the  sea.  as'  the 
eticct  of  rain  is  to  rut  down  tlic  sides  of  the  knolb  and  break  up  the  plateaux,  while 
rivers  either  make  well-defined  channels  in  the  plateaux,  or,  by  encroaching  on  the 
knolls,  convert  their  slopes  into  clilTs. 
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worked  out  by  Mr.  S.  V.  Wood,  jun.,  F.G.S^,  is  a  very  oonvenient, 
if  not  absolately  necessary,  part  of  a  consistent  explanation  of  the 
sequence  of  eyents  during  the  glacial  period  or  periods.     But  it 
becomes  a  question  how  far  this  ioe-fbot  may  have  maintained  its 
hold  of  the  mountain  slopes  until  forced  to  relinquish  it  by  the 
encroaching  sea,  or  how  far,  through  an  amelioration  of  climate 
resulting  from  astronomical  causes>  the  ice-foot  may  have  retreated 
upwards  in  advance  of  the  sea.^    It  would  appear  evident  that  at 
certain  levels  at  least  the  ice-foot  must  have  kept  at  a  sufficiently 
respectful  distance  from  the  sea  to  leave  room  for  coast  ice  to  act  un- 
fettered.    (See  Article  on  Shapfell  Boulders.)    Many,  if  not  most  of 
the  boulders  which  form  a  part  of  the  Boidder-clay  formation,' 
must  have  radiated  from  the  lower  (if  not  from  some  of  the  higher) 
hills  and  slopes  in  various  (including  opposite)  directions,  in  a 
manner  inconsistent  with  the  pressure  of  a  general  ice-foot  on  the 
sea-coast.     Many  of  the  stones  have  been  unHbrmly  striated  on  one 
side — an  effect  which  may  have  been  produced  under  both  land  and 
sea-ice,  but  most  of  the  stones  have  been  striated  in  various  direc- 
tions in  a  manner  most  likely  to  have  taken  place  under  sea-ice. 
The  stones  are  often  the  most  polished  and  striated  at  a  distance 
from  the  mountains.     Most  of  the  stones  away  from  elevated  hill 
slopes,  where  they  are  generally,  but  not  always,  angular  or  sub- 
angular,  have  evidently  been  much  rolled,  and  the  cause  or  mode  of 
their  attrition  is  not  easily  explained.     The  process  may  partly  have 
occurred  on  sea-shores  now  indicated  by  upland  plateaux  or  slopes 
of  drift.    But  the  comparative  absence  of  well-rounded  stones  at 
high  levels  necessitates  our  supposing  that  after  the  stones  were 
dropped  into  the  sea  by  floating  ice,  they  must  have  been  rounded 
by  powerful  currents  or  ground-ice,  for  their  distribution  in  the  clay 
must  chiefly  have  taken  place  beneath  the  reach  of  wave-action. 
That  a  great  part  of  the  Boidder-clay,  including  its  stony  contents, 
was  distributed  under  water,  is  evident  from  the  fact  that  where  in 
inland  districts,  or  on  the  sea-coast,  this  clay  has  been  newly- washed 
by  flooded  streams  or  by  waves,  or  where  perfectly  fresh  sections 
have  been  exposed  by  the  tumbling  down  of  masses,  it  generally  pre- 
sents the  appearance  of  stratification,  and  even  false-bedding,  as  mueh 
as  the  nature  of  the  deposit  could  have  allowed  it  to  receive  or  retain.' 
Over  an  area  extending  from  Long  Sleddale  on  the  E.  to  Coniston 
Old  Man  on  the  W.,  and  reaching  at  least  as  far  north  as  Amble- 

^  The  character  and  mode  of  occurrence  of  the  blue  clay  of  the  N.W.  of  England, 
bat  especially  of  the  West  Riding  of  Yorkshire,  (see  raper  on  the  West  Riding 
Drifts  in  forthcoming  Proceedings  of  the  West  Ridinr  Geol.  Soc,  noticed  in  Geol. 
Mao.  of  last  June,^  sugg^ests  another  question,  namely,  whether  the  submergence 
commenced  before  tne  arrival  of  a  comparatively  mild  climate,  followed  by  a  second 
•nb-glacial  period.  This,  of  course,  supposes  that  the  Mtrononiical  may  nayo  been 
fofflctent  to  neutralize  the  gtologieal  causes  of  climatal  revolutions. 

*  These  boulders  are  not  merely  surface-blocks,  but  are  often  deeply  imbedded,  and 
mott  numerous  towards  the  base  of  the  deposit. 

*  Mr.  Hull  and  Professor  Rftnsay  both  arrived  at  the  conclusion  that  the  two 
Boulder-clayB  of  Lancashire  were  stratified.  Mem.  Lit.  Phil.  Soc,  Manchester, 
for  186^-64. 
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side,  I  have  found  the  primaiy  fflaciation  of  lOGk-snrfaoes  almost 
invariably  pointing  to  between  N.  and  N.N.W.  At  first  ^  I  was 
led  to  regard  this  as  the  elEidot  of  a  great  flow  of  land-ioe  not 
generated  in  the  Lake  Distriot  itself,  but  embracing  the  oonn- 
try  in  its  progress  southwards  from  an  unknown  somce.  But 
after  finding  that  the  northern  half  of  the  Lake  District  was 
glaciated  chiefly  firom  the  S,  S.W.,  or  S.E.,  without  any  great 
persistence  in  a  particular  direction,  and  believing  that  the  interior 
of  the  country  could  never  have  sent  o£f  a  sheet  of  land-ioe 
in  a  southerly  direction  capable  of  moving  so  uniformly  and  in- 
dependently of  hill  and  valley,  I  was  driven  back  to  the  theory  of 
floating  ice  as  the  cause  of  the  uniform  primary  glaciation  of  the 
area  between  Long  Sleddale  and  the  Old  Man,  notwithstanding  the 
difficulties  with  which  the  theory  is  beset.  Li  this  area  most  of  the 
rpche$  moutann^ei  could  not  have  been  smoothed  by  valley  glaciers  ; 
and  in  the  northern  part  of  the  Lake  District,  after  observing  the 
direction  of  the  glaciation,  and  looking  back,  one  is  often  puzzled  to 
see  where  a  glacier  could  have  come  from,  even  after  making  allow- 
ance ibr  deflections  and  windings.  It  is  very  common  to  find  the 
sides  of  valleys  glaciated  obliquely  uphill,  and  bosses  of  rock  with 
their  smoothly-rounded  or  upstream  sides  pointing  to  hills  or  di£b. 
The  tops  of  steeply-sided  hills  of  considerable  height  are  likewise 
often  "  moutonn6ed."  In  all  such  cases  it  seems  more  reasonable  to 
assiune  the  agency  of  floating  ice  than  to  invest  the  interior  of  the 
country  with  a  power  of  originating  and  propelling  ice-streams  in- 
coni]>atil)le  with  its  physical  geogmphy. 

Tho  following  notes,  with  the  sections,  (see  Plates  XXIV.  and 
XXV.,  and  Explanation)  will,  it  is  believed,  furnish  facts  and  con- 
siderations corroborative  of  the  foregoing  general  observations : — 

From  Coniston  to  Tilherthwaite  and  the  Old  Man, — ^At  the  month 
of  Tilberthwaite  valley  there  is  a  plateau  of  drift  which  has  been 
broacliod  through  by  the  stream,  or  by  a  valley-glacier  wliich 
has  left  no  traces  of  moraines  excoi)ting  i)erhaps  scattered  loose 
blocks.  The  soa,  however,  may  have  arranged  this  drift  out  of 
matter  furnished  by  a  general  covering  of  land-ice.  Above  this 
drift,  on  the  S.W.  side  of  the  valley,  the  rocks  havo  been  extensively 
glaciated  uphill,  apparently  from  the  north,  or  in  a  direction  ob- 
liquely crossing  the  mouth  of  the  valley.  Farther  on,  many  sections 
of  hard  pinel  have  been  exposed.  It  often  rests  on  glaciated  rock- 
surfaoos — is  full  of  stones,  which  sometimes  occur  in  clusters  or 
pockets — and  only  occasionally  contains  large  boulders. 

(Jn  walking  up  the  Church  Beck  valley  from  CJoniston,  one  first 
encounters  mounds  of  pinel  and  stratified  sand  and  gravel,  which 
are  j»robably  moraine  matter  re-arranged  by  the  sea.  Before  reach- 
ing tho  Coniston  Cojjpor  Works,  on  tho  right  hand  or  X.E.  slo^w  of 
tho  valley,  a  very  extensive  display  of  glaciated  rook-surfaces  may  he 
seen.  The  primary  grooves  run  from  N.  to  S.,  or  obliquely  dowii 
the  slope,  and  land-ice  from  the  X.  could  only  liave  produced  them 
after  crossing  the  liigh  ridgo  which  rises  between  the  Church  Beck 

^  See  Scenery  of  Eugland  and  Wales. 


D.  MaekMoBh^Qeology  of  ike  Lake'Districi.  449 

Valley  and  Tilberihwaite.  The  secondary  striad  ran  from  N.N.W. 
to  S.S.E.,  or  along  the  side  of  the  valley.  (Plate  XXIY.,  3.) 
Farther  on,  behind  the  Coniston  Copper  Works,  the  rocks  have  been 
smoothed  and  striated  downhill  from  a  little  W.  of  N.,  and  on  the 
nearly  opposite  slope,  S.  of  Padding  Gove,  several  roches  vMutonndes 
have  been  smoothed  aphill  in  aboat  the  same  direction.  The  con- 
figaration  of  the  groand  renders  it  obvioas  that  the  N.  and  S.,  or 
nearly  N.  and  S.,  glaoiation  of  the  valley  nnder  notice  could  not 
have  resalted  from  any  ice-flow  generated  within  the  limits  of  the 
Lake  District 

Along  the  N.E.  slope  of  the  valley,  below  the  Coniston  Copper 
Works,  pinel  lies  on  glaciated  rock-sarfaces,  and  is  overlain  by  a 
deposit  of  sand  and  gravel,  the  latter  sometimes  resting  on  glaciated 
locks.  Stratified  sand  with  gravel  here  rises  to  a  height  of  200  feet 
above  the  bottom  of  the  valley,  and  extends  along  the  side  of  the 
vaUey,  as  for  at  least  as  the  Copper  Works,  with  a  smooth  and  con- 
tinnoas  surfi^oe,  excepting  where  it  has  been  ratted  by  rain-torrents 
and  permanent  streams.  It  presents  fine  specimens  of  obliqae  lami- 
nation, and  differs  in  no  respect  from  the  middle  sand  and  gravel  of 
the  Lancashire  plains.  Towards  the  base  of  the  slope  it  attains  the 
thickness  of  at  least  forty  or  fifty  feet  Between  the  slate  qnarry  (a 
short  distance  frt)m  the  Copper  Works)  and  the  mouth  of  Beddale, 
the  rounded  gravel  graduates  into  sub-angular  and  angular  detritus, 
which,  like  a  sloping  sea-beach,  runs  up  to  the  bases  of  the  cliffs 
(about  1,200  feet  above  the  sea),  where  it  differs  from  recent  screes 
in  its  being  covered  with  grass.  Bounded  gravel  on  this  slope  may 
be  traced  up  to  1,000  feet  above  the  sea.  The  whole  of  the  driilt 
covering  of  this  slope,  with  its  base  of  pinel,  differs  from  any  form 
of  a  glacial  moraine,  and  up  to  a  great  height  contains  striated 
boulders,  sometimes  dose  to  the  surface.  At  the  bottom  of  the 
plateau,  near  the  Copper  Works,  there  is  a  nearly  level  expanse  of 
finely-laminated  brown  loanu  It  cannot  be  attributed  to  the  action 
of  the  stream  which  here  flows  along  the  plateau,  for  it  has  not  yet 
in  many  places  succeeded  in  cutting  a  channel  through  the  pinel 
which  coven  glaciated  rock-surfaces  in  the  lowest  part  of  the  valley. 
In  other  places,  as  at  the  outlet  of  Beddale  valley,  the  stream  has 
only  got  a  few  feet  beneath  the  level  of  the  glaciated  rocks.  The 
laminated  loam  in  some  places  rises  to  heights  at  which  the  stream 
oonld  not  have  flowed  since  the  glaoiation  occurred,  unless  in  a  bed 
consisting  of  drift  The  laminated  loam,  however,  is  not  reasserted 
drift,  but  is  so  associated  with  the  lowest  drift  or  pinel  as  to  show 
that  both  must  have  been  formed  at  the  same  period.  It  runs  over 
the  pinel,  down  into  the  pinel,  is  interstratified  with  the  pinel,  and 
runs  under  the  pineL  It  looks  like  the  equivalent  of  the  finely- 
laminated  loam  associated  with  lower  Boulder-clay  I  saw  on  the 
beach  at  Blackpool.  In  both  places  the  laminsB  are  curved  and 
waved  to  a  remarkable  extent,  and  here  a  long  section  reveals 
oblique  lamination,  subsequent  denudation,  redeposition,  and  other 
indications  of  current-action.  Towards  the  Coniston  Copper  Works, 
the  upper  boulder-earth  above  the  loam  reaches  a  con&\d&Td.VkV^ 
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thickness,  and  omtains  large  striated  stones.  Earther  N.W.  the 
laminated  loam  reappears.  It  may  be  traoed  at  intervals,  inter- 
woven with  pinel,  at  higher  levels,  between  the  GoBiston  and  Paddy 
End  Copper  Works.* 

The  distinction  between  drift  aoonmolated  under  water  and  a 
snbaerial  glacial  moraine,  may  be  seen  after  elimbing  up  to  Ix)w 
Water,  wluch  lies  in  a  cwm  about  900  feet  below  the  summit  of  the 
Old  Man.  Behind  the  rocky  barrier  of  the  tarn,  the  water  is 
dammed  back  by  a  very  conspicuous  ridge  of  loose  angular  blocks, 
many  of  them  from  6  to  24  feet  in  length.     (Fkte  XSTf.,  Fig.  2). 

In  Pudding  Cove,  below  Low  Water  cwm,  there  are  maay  loose 
blocks  which  may  have  been  partly  left  by  a  glacier.  But  there  is 
one  split  block  resting  on  a  rounded  mass  of  rook,  which  would 
appear  to  have  fallen  from  floating  ice  (Plate  XXIV.,  Fig.  4). 

Around  Windermere, — ^The  larger  knolls  between  Windermere  and 
the  lake,  and  extending  in  a  N.W.  direction,  consist  partly  of 
piuol  often  covered  wi&  foxy-coloured  loam,  and  partly  of  rock 
sometimes  moutonneed.  The  smaller  knolls  are  often  clothed 
or  half-clothed  rocheB  moutonndes.  Near  the  house  of  Mr.  Atkinson, 
wine-merchant,  there  is  a  rounded  boss  of  rock  covered  with  drift, 
as  represented  in  Figs.  6  and  7,  PL  XXIY.  It  is  difficult  to  <x>Dceive 
how  a  glacier,  capable  of  grinding  a  rock  uphill,  could  have  left 
it  covered  with  pinel  and  loam  on  the  up-stream  or  N.W.  side.  In 
front  of  The  Ferns,  Windermere,  there  is  an  instance  of  what  may 
often  be  observed,  namely,  a  sharp  line  of  demarcation  between  the 
hard  pinel  and  foxy-coloured  loam.  In  the  churchyard,  the  rock  is 
smootlily  grooved  and  fluted  N.  25^  W.,  and  sharply  indented  N. 
10°  W.  A])ove  Ellerlay  rudely  laminated  pinel  (PI.  XXIV.,  Fig.  8) 
may  be  seen  under  a  rocky  escarpment  like  an  old  sea-cliff.  Orrest 
Head,  600  feet  above  the  sea.  is  to  a  great  extent  moutonneed,  but  no 
valley  glacier,  and  I  believe  no  district  flow  of  land-ice,  coald  have 
marched  up  hill  to  so  great  a  height.  This  must  have  been  still  less 
likely  in  the  case  of  the  higher  ridge  called  School  Knott,  S.E.  of 
Windermere,  which  has  been  moutonneed  and  grooved  from  N.  33^ 
W. ;  and,  like  many  other  moutonn^d  heights,  afterwards  scarped 
by  an  agency  acting  irrespectively  of  the  direction  of  the  glacia- 
tion,  and  capable  of  detaching  and  removing  blocks  where  they 
could  not  have  fallen.  School  Knott  is  a  part  of  a  ridgo  running 
parallel  to  other  ridges  E.N.E.  and  W.S.W.  These  ridges  and 
the  hollows  between  them  have  been  glaciated  crosswise  at  nearly 
right  angles.  Tlie  ridges,  therefore,  have  not  been  formed  by 
land-ice  moving  in  the  direction  of  their  length,  and  this  remark 
applies  to  the  parallel  ridges  N.E.  of  Shap,  and  elsewhere.  Near  the 
Crossings,  S.E.  of  Windermere,  after  clearing  a  rock-surfiace  of  soil, 
I  found  a  magnificent  display  of  general  or  primary  smoothing  and 
grooving,  crossed  by  secondary  and  tertiary  striae.  (PL  XXIV.,  Fig.  5.) 

JFyom  Windermere  to  Kirtttone  Past,  through  Troutbeck  Valtey,— 
I  took  the  near  road  from  Windermere,  crossed  Troutbeck  valley, 
and  on  ascending  the  western  slope  was  not  surprised  to  And  real 

^  ScQueET^  of  England  and  Wales. 
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pinel  clinging  to  the  hill-sides.  It  sometimes  rests  under  a  cliff,  as 
represented  in  PL  XXIY.,  Fig.  9.  It  was  quite  distinct  in  its  nature 
and  mode  of  occurrence  from  fallen  debris  or  screes,  though  a  part 
of  it  may  have  been  reformed  out  of  scree-matter.  It  contained  very 
few  large,  and  many  very  small  stones  considerably  rounded.  On  the 
eastern  slope  of  the  broad  and  flat  watershed  between  Troutbeck 
valley  and  Kirston  Pass,  there  are  enormous  masses  of  pinel,  sur- 
mounted by  red  loam.  Here  it  contains  large  boulders  which,  how- 
ever, appear  more  numerously  scattered  over  the  surface.  It  often 
presents  an  arched  form  of  lamination.  Near  to  the  Pass,  and  at 
least  1300  feet  above  the  sea,  I  saw  a  fine  section  of  very  hard  pinel 
consisting  of  gritty  clay  and  very  small  rounded  stones  with  arched 
lamination.  No  signs  of  glacial  moraines  could  be  detected  (during 
a  former  visit)  in  the  valley  leading  from  the  Pass  to  Ambleside, 
though  here  and  there  the  rocks  are  covered  with  drift,  which  may 
have  been  partly  derived  from  moraine-matter.  ^  On  returning  to 
Windermere  through  the  lower  part  of  Troutbeck  valley,  I  was 
struck  with  the  enormous  accumulations  of  pinel  (surmounted  by 
loam)  which  in  many  places,  as  revealed  by  river-sections,  must  be 
150  feet  thick.  It  eitiier  rises  into  knolls,  or  more  frequently  stretches 
across  the  valley  with  a  continuously  flat  surface,  excepting  where 
it  has  been  cut  through  by  the  river  and  tributary  streams.  It 
rises  up  the  sides  of  the  valley  to  a  considerable  height,  crosses  the 
high  watersheds  which  communicate  with  other  valleys,  and  curves 
continuously  round  the  hill  slopes  to  the  right  and  left  of  the  mouth 
of  Troutbeck  valley,  so  as  to  graduate  into  the  drift  of  the  N.E.  side 
of  the  Vale  of  Windermere,  and  all  this  in  a  manner  at  variance  with 
the  idea  of  its  being  unmodified  glacial  moraine-matter. 

Urom  Windermere  to  Ambleside  and  Loughrigg  Tarn. — On  the  road- 
side, not  very  fer  from  Low  Wood  Hotel,  I  noticed,  in  a  small  quarry, 
the  section  represented  in  PL  XXIV.,  Fig.  10.  I  think  it  is  easiest 
to  conceive  of  the  curving  of  the  laminated  slates  having  been  caused 
by  floating  ice  suddenly  grounding  and  dropping  down  fine  pinel 
into  the  vacancy  (2),  the  loamy  clay  (4)  having  been  afterwards 
washed  in.    The  well-known  rock  in  Ambleside  churchyard  has  been 

flaciated  from  N.  15°  W.,  the  jagged  side  of  the  boss  looking  nearly 
.  There  are  no  superficial  accumulations  in  this  neighbourhood, 
excepting  screes  and  river  shingle,  which  may  be  regarded  as  distinct 
from  drift.  Near  Pull  Bay  House,  on  the  Hawkshead  road,  a  rock- 
snrfoce  has  been  glaciated  from  N.  27^  W.  About  half  a  mile  be- 
yond Brathay  Church,  on  the  N.  side  of  the  valley,  there  are  striaa 
from  the  N.W.  crossed  by  others  a  little  north  of  W.,  the  former 
pointing  over  Loughrigg  Fell  to  Grasmere,  the  latter  to  Langdale. 
Farther  on,  near  Mill  Brow,  very  hard  laminated  pinel  makes  its 
appearance.  Near  Loughrigg  tarn,  barely  dLstinguishable  striae  may 
be  seen  running  from  N.W.,  and  faintly  crossed  by  others  pointing 
N.N.W.  The  small  stream-channel  from  the  tarn  has  been  choked 
op  with  drift  and  boulders.  Opposite  the  tarn,  on  the  roadside, 
there  is  a  considerable  mass  of  yellowish-brown  pinel,  with  a  few 
stones  striated  lengthwise. 
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Ihm  Wtndemure  to  Kmitmere. — ^Eentmere  vaiUey  \e  a  tiongh,  with 
a  narrow  outlet  gorge  which  could  scarcely  be  se^i  from  the  moon 
with  the  largest  telescope  yet  constmcted.  The  sloping  bliffo  rise 
from  its  inner  end  to  a  height  of  nearly  2,000  feet,  and  though  likely 
to  have  showered  down  quantities  of  screes  on  a  valley-glacier,  no 
traces  of  moraines,  exoept  perched  and  scattered  bloclm,  are  to  be 
found.  In  the  lower  part  of  the  valley,  the  small  and  steep-sided 
mounds  are  pinel  and  loam,  in  some  cases  tailed  on  to  projecting  rocks. 
On  a  broad  pass  between  Eentmere  and  Long  Sleddale,  I  found  an 
instance  of  rock-grooving  due  N.  and  S.,  or  nearly  in  a  line  with  the 
dividing  ridge,  at  a  height  of  at  least  1,000  feet  above  the  sea.  On 
this  pass  there  is  much  pinel.  Eentmere  valley,  compared  with 
Troutbeck,  contains  wonderfully  little  pinel  or  drift  of  any  kind. 

From  Windermere  to  Kendal. — Between  Windermere  and  Staveley 
there  are  knolls  of  pinel  and  loam  on  the  summit-level  of  a  broad 
pass,  from  which  the  ground  slopes  to  the  W.  and  E.,  and  rises  to 
the  N.  and  S.,  in  other  words  in  a  position  where  it  is  impossible  the 
knolls  could  have  been  left  by  a  glacier.  Similar  knolls  may  be 
seen  between  Staveley  and  Kendal,  between  Kendal  and  Camforth, 
etc.  To  the  W.  of  Ings  there  is  the  finest  series  of  rochee  moutonneet 
perhaps  to  be  found  in  the  Lake  District  They  have  been  smoothed 
nearly  all  round,  and  grooved  and  striated  from  between  N.  20^  W. 
and  N.  S(P  W.  They  are  partly  covered  with  pinel  and  loam.  On 
looking  northwards  the  configuration  of  the  ground  does  not  certainly 
suggest  the  idea  of  land -ice  having  glaciated  these  large  bosses  of 
rock.  Among  the  knolls  of  drift  to  the  N.  E.  of  Kendal,  Meol  Bank 
is  particularly  worthy  of  notice.  Under  the  red  gravel  and  loam  on 
which  part  of  Kendal  is  built,  I  saw  typical  yellow  pioel  exposed  in 
a  deep  drain  cutting. 

Around  Penritk — On  the  road  to  Clifton  large  boulders  are  cross- 
striated  and  grooved  in  all  relative  directions,  including  right-angles 
— a  few  limestone  and  some  Sliap  and  greyish  granite  boulders,  but  at 
least  nine-tenths  of  the  stones  gathered  ofi*  the  fields  and  broken  on 
the  roadside  (and  this  remark  applies  to  the  country  W.  and  N.W.  of 
Penrith)  are  a  bluish  porj^hyry,  both  fine  and  coarse,  which  could 
only  have  come  from  the  Lake  mountains  to  tlie  S.W.,  or  the  Carrock 
and  Caldbeck  Fells  to  the  N.W.  In  either  case  they  must  have  been 
fioatedy  otherwise  they  would  have  become  largely  intermixed  with 
the  intervening  limestone  and  other  rocks.  Opposite  Brougham 
Hall,  the  river  Lowther  has  exposed  a  section  of  stratified  fine  gravel 
with  a  little  sand,  overlain  by  a  great  thickness  of  reddish  boulder- 
clay,  with  comparatively  few  stones  (PI.  XXIV.,  Fig.  12).  E.  of  the 
Penrith  railway  station,  a  section  of  variegated  but  chiefly  reddish- 
brown  boulder-day,  very  hard,  has  been  exposed  by  digging  a 
foundation  for  a  house.  Near  Stainton,  hummocks  of  similar  clay 
underlie  an  extensive  deposit  of  sand  and  gravel,  the  stones  and 
boulders  in  which  are  chiefly  difierent  from  those  in  the  boulder-clay 
near  Penrith.  In  its  lower  part  there  are  several  large,  rough,  and 
angular  limestone  boulders,  which  look  as  if  they  had  been  violently 
uprooted  from  the  lAmeBtonQ  lo^k  on  which  the  drift  reposes,  and 
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immediately  oovered  up.  The  sand  and  gravel  is  exfcensiyely  false- 
bedded,  and  above  it  there  is  a  thin  covering,  like  a  washing  of 
reddish  loamy  day  of  the  same  kind  as  that  concealing  the  limestone 
of  the  neighbourhood  (PL  XXIY.,  Fig.  13).  On  the  right-hand  side 
of  the  road  from  Penrith  to  Greystoke,  a  boulder,  6^  x  &  X  4  feet, 
stands  on  end  in  a  field.  It  is  a  breccia  with  included  fragments  up 
to  1  foot  in  diameter,  to  which  it  would  be  difficult  to  assign  a 
parentage,  as  it  may  have  come  from  one  of  many  parts  of  the  Lake 
district.  This  remark  applies  still  more  to  boulders  of  porphyry. 
In  a  sandstone  quarry  near  Bunker's  Hill,  I  found  the  newly-bared 
rook  distinctly  striated  N.  10^  K,  a  direction  about  the  most  unlikely 
of  any  which  could  be  assigned  to  the  course  of  a  stream  of  land- 
ioe.  On  the  W.  side  of  Penrith  Beacon  (which  is  covered  ¥n[th  sand 
containing  erratics)  the  strisB  (not  very  distinct),  on  Permian  sand- 
stone, run  in  the  direction  of  N.  80®  W. 

From  PMfith  to  Ulhwater. — ^Around  the  foot  of  Ullswater  die 
drift,  so  £ir  as  can  be  seen,  consists  of  pinel  running  into,  or  inter- 
stratified  with,  gravel  and  sand,  and  covered  with  a  loam,  more  or 
lees  stony,  which  runs  up  and  thins  out  towards  the  summits  of  the 
hills.  On  the  west  side  of  the  lake,  and  south  of  two  conical  wooded 
heights,  a  flat,  beach-like  plateau  of  drift  runs  up  into  a  lateral 
recess.  On  the  east  side  of  the  lower  reach  of  the  lake,  the  drift 
runs  along  continuously  with  an  almost  perfectly  flat  surface,  like  a 
tidal  zone.  Nowhere  around  the  foot  of  the  lake  can  the  slightest . 
trace  of  a  moraine  be  found,  while  N.E.  of  the  outlet  the  ground  is 
more  or  less  covered  with  boulder-clay,  or  with  smoothly-swelling 
expanses  of  red  pebbly  loam  passing  into  sand.  At  the  foot  of 
Ullswater  the  Old  Red  Sandstone  might  be  called  pinel,  were  the 
matrix  of  the  stones  and  bouldere  clay  instesid  of  sand  (PL  XXIV., 
Fig.  14).  It  is  made  up  of  stones  of  all  sizes,  up  to  18  inches  or 
more  in  diameter,  resting  at  all  angles,  and  closely  packed  in  a 
matrix  consisting  of  ground-up  grit,  sand,  and  very  small  half- 
reunded  pebbles,  with  seams  of  the  latter  rudely  laminated. 

From  Penrith  to  Keswick, — ^All  the  yra,y  from  Penrith  to  Kes¥n[ck, 
tihe  railway  has  been  cut  chiefly  in  a  reddish  or  yellowish-brown 
boulder-day  (No.  2  of  the  sections),  which  rises  to  a  height  of  at 
least  1300  feet  on  Matterdfde  Common.  W.  of  Trontbeck  station,  if 
not  before,  a  greyish-blue  clay  makes  its  appearance  under  the 
brown.  It  varies  fix)m  a  clayey  gravel  with  many  pebbles  to  a  day 
with  a  few  good-sized  stones  and  boulders.  At  least  900  feet  above 
the  sea  I  found  the  blue  clay  packed  full  of  small  stones  as  much 
rounded  as  on  any  sea-coast  where  a  second  attrition  has  not  come 
into  operation ;  and  Mr.  Ward,  F.G.S.,  of  the  (Geological  Survey, 
gives  me  leave  to  state  that  he  has  found  false-bedded  sand  and  gravel 
S.  of  Troutbeck  station  at  an  altitude  of  1,000  feet  above  the  sea — an 
altitude  corresponding  with  the  upper  limit  I  have  assigned  to 
stratified  sand  and  gravel  on  the  slopes  near  Coniston.  Between 
Troutbeck  and  Keswick,  the  blue  is  seen  to  be  distinctly  separated 
from  the  brown  clay  where  fresh  sections  are  exposed.  The  stones 
in  the  blue  day  are  more  numerous  and  more  Tornxdad.  oiA  voxcyst^' 
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than  in  the  brown.  In  both  olays  there  are  boulders  which  generally 
occor  in  isolated  groups.  Among  the  erratio  stones  porphyry  is 
common,  and  here  and  there  laige  as  well  as  small  blocks  of  syenite 
from  the  hill  called  the  Enotts,  under  Cliff  Head,  may  be  found 
imbedded  or  lying  on  the  surface.  This  hill,  which  is  thickly  strewn 
¥nith  loose  blocks,  is  very  rudely  represented  in  PL  XXY.,  Fig.  17. 
The  syenitic  boulders  would  appear  to  have  been  floated  chiefly  in  a 
north-easterly  direction.  Between  Threlkeld  and  Keswick  the  blue 
clay  may  be  seen  rising  in  hummocks  under  the  brown.  The  lower 
part  of  the  S.  side  of  Saddleback  is  covered  with  drift,  which,  in  one 
instance  at  least,  runs  up  into  a  cwm  (above  Doddick).  Near 
Doddick,  a  brook  section  reveals  the  drift  as  a  pinel  equivalent,  I 
believe,  to  the  brown  clay  lower  down.  The  pinel  is  more  or  less 
covered  with  loam  (PI.  XXV.,  Fig.  16). 

From  Keswick  to  Bowtoale  Tarn. — After  leaving  the  valley  of  the 
Greta,  I  entered  the  Glonderaterra  ravine,  and  walked  along  the  N.W. 
slope  of  Saddleback  to  the  brink  of  Bannerdale  Crags,  which  over- 
hang about  the  most  perfect  specimen  of  a  cwm  I  have  yet  seen. 
Its  floor  is  flat  and  broad,  and  the  difGs  on  the  W.  and  S.W.  side  are 
probably  900  feet  in  height  Soon  after,  on  coming  suddenly  to  the 
brink  of  Bowscale  cwm,  a  gentleman  who  accompanied  me  waved 
his  hat,  and  exclaimed,  ''Hurrah,  a  glacial  moraine  I"  and  a  moraine 
certainly  seemed  to  dam  back  the  tarn,  which  brilliantly  reflected  thA 
sun's  rays  (notwithstanding  guide-book  assertions  to  the  contrary) 
about  600  feet  below.  On  scrambling  down,  we  could  see  no 
section  of  the  moraine-looking  ridgo.  A  great  part  of  the  nucleus 
probably  consists  of  rock  or  of  the  outscoopings  of  the  lake-basin, 
but  the  blocks  on  the  surface  and  scattered  down  the  subjacent  slope 
are  probably  tlie  equivalents  of  a  post- marine  corry  moraine  (PL  XXV., 
Fig.  16).  Lower  down,  the  S.  side  of  the  Caldew  valley  is  covered 
with  drift,  with  erratic  stones,  including  Skiddaw  granite,  which  is 
continued  as  far  as  the  mouth  of  the  valley,  where  it  graduates  into 
the  drift  of  the  great  Cumberland  plain.  Carrock  Fell,  on  the  N. 
side  of  the  Caldew  valley,  is  so  thickly  and  completely  covered  with 
loose  blocks  of  porphyry  and  syenite,  that  it  must  have  helped 
largely,  during  the  glacial  submergence,  to  supply  the  drifts  of  the 
neighbourhood,  if  not  of  distant  areas,  with  their  stony  contents. 
Boulders  of  Skiddaw  granite  have  been  carried  down  the  Caldew 
valley,  and  likewise  down  the  Glenderaterra  ravine  (at  the  mouth  of 
which,  on  the  side  of  Lonscale  Fell,  they  may  be  seen  at  a  consider- 
able elevation)  in  a  manner  which  cannot  be  satisfactorily  explained 
by  the  agency  of  land-ice. 

From  Keswick  to  Helvdlyn, — On  entering  Naddle  Beck  valley,  one 
may  see  a  boss  of  rock  glaciated  from  the  direction  of  the  adjacent 
slope,  instead  of  pointing  towards  any  valley  along  which  a  glacier 
could  easily  have  come.  Between  Shoulthwaite  and  Bridgend  grey 
pinel,  covered  with  foxy-coloured  loam,  may  be  seen  under  a  cliff. 
Beyond,  on  the  watershed,  and  away  from  any  stream,  an  extra  rounded 
mass  of  gravel  abuts  against  a  glaciated  face  of  rock.  Further 
on  rocks  have  been  glai^ted  uphill,  and  still  nearer  to  Bridgend 
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pinel  ooYors  up  glaciated  rock  on  a  steep  slope.  It  is  difficnlt  to 
conceive  how  a  glacier  could  have  found  its  way  to  this  watershed 
from  above  or  below,  so  as  to  glaciate  the  above  rocks  in  the  positions 
they  occupy,  and  in  the  directions  indicated.  The  rocks  S.  of  St. 
John's  Castle  rock  have  been  glaciated  from  the  S.S.W.,  or  obliquely 
upiiilL  These  facts  seem  to  favour  the  idea  of  floating  ice  havii^ 
been  the  glaciating  agent.  On  ascending  Helvellyn  from  Stybeck 
by  the  steep  miner*s  road,  I  was  able  to  trace  rounded  and  not  merely 
biunted  stones  up  to  at  least  1,000  feet  above  the  level  of  the  sea. 
The  ravines  on  tibe  W.  side  of  Helvellyn  have  been  filled  up  with 
drift  in  which  the  brooks  are  re-excavating  channels.  The  foundation 
of  the  drift  is  pinel.  On  the  borders  of  the  flat  and  wide  watershed 
between  Stybarrow  Bodd  and  the  Baise,  pinel  occasionally  shows  its 
yellow  face  under  a  capping  of  peat,  and  on  the  summit-level,  at  a 
height  of  2,500  feet  above  &e  seei,  I  could  not  convince  myself  that 
there  were  not  rounded  stones  imbedded  in  a  loamy  clay,  in  places 
where  they  were  exposed  by  the  removal  of  peat.  But  assuming 
that  these  stones  and  clay  represent  the  upland  extension  of  the  un- 
doubted Boulder-clay,  it  is  difficult  to  conceive  how  land-ice  could 
have  deposited  them  at  so  great  an  altitude  in  such  a  position. 

From  Kenoick  to  Borrowddle. — ^The  foundation  of  the  drift  im- 
mediately around  Keswick  and  to  the  S.,  N.,  and  W.,  is  pinel.  A 
good  cliff  section  of  it  may  be  seen  near  Derwent  Isle,  where  it 
apparently  runs  under  Derwent  water.  Between  the  eminence 
^kUed  Castle  Head  and  the  base  of  Wallow  Crag,  on  a  watershed 
nearly  400  feet  above  the  sea,  and  about  150  feet  above  the  level  of 
the  l^e,  there  is  a  deposit  of  sand,  clay,  fine  gravel,  and  pinel,  inter- 
woven, and  contorted  in  a  manner  that  can  only  be  explained  by  the 
combined  action  of  ice  and  water.  A  section  of  it  is  exposed  in  a 
shallow  pit  about  a  quarter  of  a  mile  above  the  Keswick  and 
Borrowdale  road  (PI.  XXV.,  Fig.  18).  On  the  road  from  Barrow  to 
Watenlath,  pinel  surmounted  by  loam,  may  be  seen  covering  the 
hill  slope,  and  presenting  the  charact'Cristic  style  of  lamination 
represented  in  PI.  XXV.,  Fig.  20.  Further  on,  a  flat  rock-surface 
may  be  seen  glaciated  apparently  from  the  north.  In  Barrow  Wood 
the  pinel  presents  the  appearance  of  having  been  splashed  into  the 
cavities  and  crevices  of  the  rocks  (Plate  XXV.,  Fig.  21).  At  a  great 
height  above  Lowdore,  the  Watenlath  road  runs  under  a  fine  range 
of  cliffis.  At  their  base  the  rooks  in  some  places  have  been  glacially 
planed,  the  striad  running  N.  and  S.  Near  Watenlath  Beck  the 
rocks  have  been  moutonn^d  from  the  S.E.  On  walking  down 
towards  the  Keswick  road,  above  Lowdore  waterfall,  large  bosses 
of  rock  may  be  seen  with  their  jagged  sides  pointing  N.W.  and 
their  glaciated  sides  towards  Brown  Dodd,  which  rises  abruptly 
behind  them.  Before  arriving  at  Grange,  one  may  see  rocks 
glaciated  in  a  direction  away  from  high  cliffs  which  rise  abruptly 
behind,  and  ¥n[th  their  jagged  sides  pointing  to  the  open  country. 
But  such  phenomena  are  far  from  being  rare  in  the  Lake  District. 
Near  Grange  Bridge,  at  the  base  of  the  rocky  escarpment,  on  the 
left  of  the  road,  thoroughly  rounded  gravel  wiUi  Boasxi^  oi  \^«sA\s^»:^ 
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be  seen  ranning  along  like  a  Bea-beaoh.  It  gradnates  horizontally 
into  pinel,  and  ifl  here  and  there  covered  by  reoent  soreeB  from  the 
olifiB  above.  The  gravel  containB  boulders,  and  has  not  been  washed 
like  the  river-gravdl  in  the  nei^boorhood.  There  is  no  appearance, 
moreover,  of  tiie  river  having  flowed  at  this  level  sinoe  the  glacial 
period.  That  the  river  has  b^  filling  up  rather  than  deepening  its 
channel,  is  evident  from  the  fact  that  a  finely  glaciated  boss  of  rook 
runs  under  a  mass  of  shingle  in  the  river-bed  at  Grrange  Bridge 
(PI.  XXY.,  Fig.  19) .  Well-rounded  gravel,  graduating  into  pinel,  may 
here  and  there  be  seen  at  the  bases  of  cliffs,  or  filling  up  hollows,  aU 
the  way  from  Grange  to  beyond  the  Bowder-stone.  Opposite  the 
Castle  Crag,  on  the  roadside,  there  is  a  great  mass  of  very  hard 
greyish-brown  pinel  ¥nith  stones  and  boulders.  The  rocks  in  the 
narrow  part  of  Borrowdale  have  been  extensively  glaciated  and 
moutonnded  from  the  S.,  S.W.,  or  S.E.  Laud-ice  may  here  have 
played  an  important  part,  but  the  following  facts  would  seem  to 
suggest  the  action  of  the  sea  and  floating  ioe.  Under  Castle  Crag 
the  rocks  have  not  only  been  moutonneed,  bui  tninuUly  rounded  and 
hollowed  as  if  by  wave-action.  Beyond  the  Bowder  Stone,  abrupt 
hollows  have  evidently  been  ground  out  irrespectively  of  the  struo 
ture  of  the  rock  by  the  whirling  round  of  stones.  The  roehet 
mouUmn^BB  form  part  of  a  prominence,  the  outline  of  which  is  com- 
pleted by  a  deposit  of  pinel  or  loam,  which  is  often  on  the  ftp* 
ttream  side,  where  land-ice  would  not  be  likely  to  have  left  it  (PL 
XXV.,  Fig.  22).  The  tops  as  well  as  sides  of  hills  (the  Brand,  for  in- 
stance) are  glaciated  at  a  height  above  Borrowdale,  too  great  to  have 
been  effected  by  a  glacier,  or  ice-stream,  proceeding  from  any  con- 
ceivable part  of  the  country.  Beyond  Rosthwaite,  there  is  a  large 
deposit  of  pinel  and  loam,  with  stones  more  or  less  rounded,  which 
might  easily  be  mistaken  for  a  glacial  moraine.  From  Stonethwaite 
(where  my  three  visits  to  Borrowdale  terminated),  I  could  plainly 
see  traces  of  post-marine  glacial  moraines  in  Qreenup  ravine,  whidi 
might  be  expected,  as  it  slopes  longitudinally,  and  is  backed  by  a 
considerable  extent  of  elevated  ground. 

From  KeBwich  to  ButtertMre, — In  the  neighbourhood  of  Portinscales, 
there  are  large  knolls,  which  consist  chiefly  of  pinel.  Towards 
Bassenthwaite  Lake  the  pinel  seems  to  graduate  into  reddish  brown 
Boulder-clay,  which  here  and  there  overlies  greyish-blue  clay.  On 
the  flanks  of  Skiddaw,  above  Lyzzack  Hall,  up  to  a  height  of  900 
feet,^  boulders  may  be  found  which  must  have  been  floated  from  a 
distance  of  at  least  four  or  five  miles ;  and  from  the  road  to  Ullock, 
one  may  distinctly  see  a  large  boulder  on  the  edge  of  a  precipice 
which  must  have  been  floated  from  behind  Barrow,  on  the  east  side 
of  Keswick  Lake.  The  N.W.  slope  of  the  vale  of  Newlands  ex- 
hibits very  few  boulders,  and  scarcely  a  surface-block.  There 
is  here  and  there  a  little  pinel,  but  the  general  covering  of  the 
slope  is  wliat  may  be  ccdled  a  chip-drift,  which,  though  it  may  be 
overlain  by  recent  screes  in  some  places,  is  generallv  arranged  in  a 
manner  suggestive  of  deposition  under  water.     At  tne  head  of  the 

1  Mr.  Ward'8  Lecture  on  Ioe  (Trdbner  &  Co.). 
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valley,  noith-west  of  High  Bobinson,  the  slate  rooks  may  be  seen 
striated  N.  30^  £•  Near  Buttermere,  the  glaoiation  (apparently  up- 
hill) is  in  the  direction  of  the  vale  of  Newlands.  There  are  con- 
siderable deposits  of  boulder  pinel,  with  its  frequent  loamy  oovering 
along  the  ^.E.  side  of  Buttermeie,  and  in  the  neighbourhood  of 
Gatesgarth.  Between  Gkttesgarth  and  Honister  C^rag,  the  glaoiation* 
has  b€6n  chiefly  in  the  direction  of  the  narrow  valley. 

D'om  BraithwaiU  up  CoUddU  Valley, — ^The  mouth  of  Ooledale 
▼alley  has  been  choked  up  with  innumerable  boulders  of  porphyry, 
breccia,  etc.,  and  they  may  be  traced  nearly  to  the  head  of  the  valley. 
They  rise  to  a  heignt  of  at  least  300  feet  above  the  beck.  They 
must  have  come  from  the  S.E.  or  S.  of  Keswick,  to  the  mouth  of  the 
▼alley  whence  they  were  floated  up  the  valley,  or  they  may  have 
passed  over  the  high  ridge  called  Barrow,  which  bounds  the  valley 
on  the  S.E.,  when  the  hmd  was  deeply  submerged.  Though  many 
of  these  boulders  are  exposed  in  the  course  of  the  beck,  they  are  a 
part  of  an  extensive  deposit  of  pinel  and  loam  which,  with  a  con- 
tinuously flat  surface,  runs  along  from  the  lower  end  to  the  head  of 
the  valley.  From  the  lower  end  the  deposit  spreads  out  over  the 
adjacent  plain.  There  is  no  trace  of  glacial  action  in  this  valley,  so 
far  as  I  had  an  opportunity  of  observing.  The  drift  containing 
erratic  stones  up  to  a  height  of  at  least  600  feet  above  the  sea,  clings 
to  the  very  steep  N.W.  side  of  the  valley,  and  thins  out  upwards,  as 
represented  in  PL  XXV.,  Fig.  25. 

Around  Cockermouth. — In  Embleton  valley  knolls  of  Boulder-clay 
and  stratified  gravel  and  sand  may  be  seen,  especially  on  or  near  the 
watershed.  In  the  plain  to  the  west,  knolls  and  plateaux,  partly  or 
wholly  consisting  of  stratified  and  false-bedded  sand  and  gravel, 
may  be  found  both  on  elevated  ground  and  in  valleys.  The  Derwent 
has  cut  a  winding  channel  among  these  knolls  and  plateaux,  and  re- 
vealed some  extensive  sections.  Near  Camerton,  sand  and  gravel 
resting  on  rock  lie  under  a  bed  of  loamy  clay,  with  a  few  boulders, 
and  sections  of  sand  and  gravel  may  be  seen  in  many  other  places  ; 
but  the  principal  deposit  between  the  Lake  Mountains  and  the  sea  is 
reddish-brown  Boulder-clay,  which  is  often  underlain  by  greyish- 
blue  clay  running  into  unwashed  gravel.  An  upper  red  loamy  clay, 
with  few  boulders,  makes  its  appearance  here  and  there  (as  near 
Camerton),  and  attains  a  great  thickness  on  some  parts  of  the  sea- 
coast,  as  at  Maryport,  where  it  rests  chiefly  on  rock.  It  was  probably 
deposited  during  a  second  submergence  of  the  land.  The  boulders 
are  principally  found  in  the  reddish-brown  clay,  which  in  some 
places  attains  a  thickness  of  at  least  100  feet  They  are  chiefly  im- 
bedded, and  along  with  the  smaller  stones  (which  are  often  very 
much  rounded)  consist  of  grey  porphyry  both  fine  and  coarse  (either 
from  the  Caldbeck  Fells  to  the  N.E.,  or  the  interior  of  the  Lake 
District  to  the  S.E.),  reddish,  pinkish,  and  light-grey  syenite 
(gradually  disappearing  to  the  N.W.),  quartz  from  fiie  Skiddaw 
slate  formation,  a  very  hard  dark  rock  locally  called  whinstone,  etc., 
with  very  little  limestone  even  where  the  drift  rests  on  limestone. 
On  the  summit  of  the  Moota  limestone  ridge  (north  of  CockQrmoutkV 
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at  a  hei^t  of  800  feet  above  the  sea,  there  are  nmnerous  fragments 
of  porphyry,  more  or  less  tessehited  with  distinct  drstals  of  felspar, 
which  could  only  have  been  floated  from  the  Cafdbeck  Fells  (?) 
daring  a  deep  submezgence  of  the  land.  The  largest  surfaoe-bonlder 
I  have  seen  in  the  disbict  under  notice  is  near  Bole  or  BotheL  It 
is  apparently  a  kind  of  metamorphosed  conglomerate,  and  breeds, 
not  nnlike  what  I  have  seen  in  Borrowdale,  though  it  may  have 
come  from  Binsey  Crag,  about  three  miles  to  the  S.K  It  measures 
18  X  9  X  9  feet 

From  Coekermouth  to  Zowuwater.^'To  make  sure  that  the  syenitio 
boulders  scattered  over  the  country,  from  Lamplugh  to  the  north  of 
Gockermouth,  and  westward  to  a  considerable  distance,  came  from 
the  high  ground  above  Crummock  Water  and  Buttermere,  I  walked 
to  Loweswater  from  the  N.  W.,  and  returned  through  the  Yale  of 
Lorton.  I  ascertained  that  the  light  grey  and  pinkish  syenite  must 
have  come  chiefly  through  the  Loweswater  gap,  and  that  the  reddish 
syenite,  found  abundantly  about  C!ockennouth,  must  have  come  down 
the  Yale  of  Lorton.  But  I  was  farther  rewarded  by  the  discovery 
of  a  drift-deposit,  which  seemed  to  be  a  connecting  link  between 
the  pinel  of  the  mountains  and  the  reddish-brown  Boulder-day  of 
the  sea-coast  On  a  watershed  between  Moeser  and  Loweswater, 
there  is  a  large  flat  plateau  of  Boulder-clay  running  into  a  cwm 
imder  Low  Fell,  and  thinning  out  along  the  valley  to  the  N.  and 
down  the  slope  to  the  S.  It  contains  Skiddaw  slate,  apparently 
metamorphosed  or  baked  slate,  the  latter  very  much  robbed  and 
striated,  grey  porphyry,  quartz,  and  light-grey  syenite.  Tlie  plateau 
lies  about  400  feet  below  the  summit  of  Low  Fell,  and  about  400  feet 
above  the  level  of  Loweswater.  It  occupies  a  position  in  which  it 
could  never  have  been  deposited,  excepting  by  the  agency  of  water 
and  floating  ice.  lliis  will  appear  from  the  sections,  Figs.  23  and 
24  in  PL  XXY. 

From  Cockermouth  to  Lorton. — The  principal  objects  of  interest 
near  Lorton  are  the  sand  and  gravel  knolls  on  the  roadside.  A 
good  section  of  the  largest  knoll,  which  is  about  100  feet  high,  may 
be  seen  in  a  pit  close  to  the  road.  The  sand  and  gravel  is  ex- 
tensively false-bedded,  in  a  way  that  oceanic  currents  will  alone 
explain.  This  knoll  was  once  regarded  as  a  striking  specimen  of  a 
terminal  moraine,  and  a  scientific  gentleman  of  the  neighbourhood, 
who  viewed  it  in  this  light,  seemed  somewhat  vexed  when  I  tried  to 
convince  him  that  it  was  a  marine  sand-bank  (PI.  XXY.,  Fig.  26\ 

Sea-  Coast  at  Workington. — ^The  sea  has  exposed  an  extensive  cliff- 
section  of  reddish-brown  Boulder-clay.  It  is  very  hard,  and  con- 
tains many  small  stones,  but  very  few  boulders  make  their  appear- 
ance above  high  water-mark.  At  its  base,  and  on  the  adjacent 
beach,  there  are  thousands  of  large  boulders  of  several  kinds  of 
granite,  dark  whinstone,  porphyry,  breccia,  sandstone,  limestone,  red 
syenite,  etc.  The  clay  is  stratified  (Plate  XXY.,  Fig.  28),  and  shows 
rude  indications  of  false-bedding.  It  is  likewise  vertically  fractiured. 
It  is  covered  with  thin  beds  of  sand,  surmounted  by  red  loamy  cky, 
with  few  stones.    The  clay  contains  patches  of  sand,  as  represented 
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L  PI.  XXV.,  Tig.  29.  Further  N.,  where  the  slope  is  partly 
>yered  with  grass,  the  sand  and  upper  day  seem  to  increase  in 
lickness  (PL  XXV.,  Rg.  27). 

Cleatcr  Moor. — ^In  a  limestone  qnany  near  the  east  end  of  the 
illage,  I  saw  a  considerable  extent  of  sor&ce  nearly  cleared  of 
oddish-brown  boalder-day.  Part  of  the  surfiuse  was  sea-worn  into 
le  most  fantastic  shapes,  and  part  was  glaciated.  The  strias  pointed 
\  between  NJEL  and  N.N.E.  The  boulders  I  saw  were  chiefly  li^t- 
>loured  syenite  from  Ennerdale,  and  a  kind  of  hard  trap.^ 

EXPLANATION  OF  PLATES  XHV.  AND  XXV. 

[The  ciMmfication  adopted  in  the  sections  is  prorisional  and  majhare  to  be  altered, 
lODgfa  I  beliere  that  whererer  two  or  more  drift-deponts  oocnr  in  rertieal  sue- 
Mioo,  the  order  here  aingned  will  be  fbimd  to  hold  good ;  and  thoogfa  one  drift- 
ipoeit  prerioiiBlj  to  the  aeenmnlation  of  another  has  often  nndeigone  extensiTe 
nndatioD,  it  is  not  presomed  that  eadi  deposit  was  erer  spread  oontiniioasly  oTer  the 
hole  of  the  area  in  parti  only  of  wiiieh  it  is  now  to  be  mnd.] 

PLATB  xht. 

[O.  1. — 1,  bhnsh-grey  boolder-dAj ;  2,  jellowish-brown,  reddidi-brown,  or  Tariegated 
bonlder-cuj ;  3,  stratified  sand  and  grard ;  4,  n^per  boulder-daj  and 
loam,  generaUj  reddish.  A,  2,  pinel  on  a  hill  skpe,  in  one  place  nncferiain 
bj  pre-eladal  screes,  « ;  B,  2,  pinel  on  a  hill  slope,  replaced  upwards  bj 
screes,  J,  and  both  corered  with  fox^-coloored  loam,  4  ;  C,  2,  pinel  on  a 
hill  slope,  4,  loam  oTerlpng  the  pinel  and  ronning  upwards  into  old 
screes  ^ ,  d  recent  screes.  These  diagrams  are  intended  to  represent  the 
most  fieqnent  mode  of  occurrence  of  drifts  on  plains  and  on  mountain 
slopes  in  the  Lake-District. 
2. — Low-water  tarn,  under  the  summit  of  the  Old  Man,  dammed  back  by  a 

moraine. 
3.— Glaciated  rock-snrfsoe,  in  Church  Beck  YaUey,  Coniston. 
4. — Split  block,  in  Pudding  Cotc,  Coniston. 
6. — Glaciated  rock-snrfiioe,  8.E.  of  Windermere. 
6. — Boche  Moutonnfe,  partly  corered  with  loam,  near  Windermere. 
7. —        Ditto,  corered  on  upstream  side  with  pinel  and  loam. 

8. — Laminated  pinel,  near  Ellerlay. 

9. — Beach  of  pmeU  under  a  diff  between  Troutbeck  and  Eirkstone. 
10. — Section  near  Low  Wood  Hotel    8,  massire  slate;  L,  laminated  slate; 

2,  fine  pinel ;  4,  loamy  clay. 
11. — Section  about  a  mile  S.  of  Shap.    L,  Carboniferous  limestone ;  2,  greyish- 
brown  pinel,  with  granite  ana  other  stones ;  3,  reddish  loam.    [See  pi^>er 
on  Shapfell  Boulders,  GaoL.  Mao.,  Aug.,  1870,  Vol.  YII.,  No.  8.] 
12. — Section  opposite  Brougham  Hall.    3,  sand  and  grarel ;  4,  reddish  day  with 

boulden,  corered  with  regetation. 
13. — Section  dose  to  railway  cutting  near  Stainton  (Penrith).    2,  reddish-brown 
boulder-dar;   3,  stratified,  wared,  and  fedse-bedded  sand  and  grard; 
4,  reddish,  loamy  clay. 
14.— Section  of  Old  Bed  Sandstone,  at  the  foot  of  UUswater. 

PLATB  XXT. 

[0. 16. — Section  of  Bowscale  cwm  and  S.  dope  of  Cddew  ralley. 

16. — Theoretical  section,  firom  Doddick  cwm  (Saddleback)  to  the  railway.    P, 

pinel ;  4,  loam ;  1,  blue  clay ;  2,  brown  day. 
17. — ^Eouffh  sketch  of  the  Enotts,  corered  with  syenitic  blocks — Wanthwaite 

Bed  Screes  or  Clough  Head  behind. 

^  This  article  has  expanded  to  such  unexpected  dimensions,  that  a  brief  statement 
'  the  results  of  sereral  weeks*  researches  into  the  deriration  and  distribution  of  the 
■anitic  drift  of  West  Cumberland  must  be  reserred  for  a  future  number  of  the 
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Fio.  18.~Seoti(Hi  near  CnrtU  Head,  Etiwiok.    A.  day  and  acul  wiih  ftv  ataoHi 

B,  fine  grayel ;  C,  ninel ;  B,  day  with  a  few  bonldera.  TliflBe  bedt  m 
interwoven  witJi  ana  reit  on  an  unknown  depth  of  aand,  with  oblique  ind 
waTcd  lamination. 

19.— 8eeti6n  near  Granga.    A^  gravel ;  C,  gladated  boa  of  rock  mnmnr  tmdv 

riTer-graTd  B.    Ao,  giaTel  partly  corered  with  acreea  farther  ioiwl 
20. — Section  aboTe  Barrow.    2,  pind ;  8,  red  loam. 
21. — Pinel  fiU^  np  hollows  ana  imrinnated  into  crerioea  of  diattered  rock  ia 

Barrow  Wood,  Keswick. 
22. — PineL  npetream  side  of  a  roehi  mtmioimSe. 
23.— Section  of  plateau  of  boulder-clay  between  Mosser  and  Lowaawater. — ^Low 

Fdl  on  the  K,  a  low  ridge  on  the  W. 
24. — Cross-section  of  the  above  from  N.  to  8. 
26. — Mode  of  occurrence  of  drift  in  Coledale  Valley;  A,  the  upper  limit  of 

erratics. 
26.— Section  of  a  reputed  glacial  moraine,  near  Lorton,  covered  with  vegetation. 
27. — Coast-section  of  drift,  near  Workington.  2,  reddish-brown  clay,  with  many 

large  boulders  in  the  lower  part ;  3,  sand  and  gravel ;  4,  uppinr  red  loamy 

clay,  with  very  few  boulders. 
28. — Appearance  of  stratification  and  fractures  in  the  reddish-brown  day  in  the 

above  section, 
29. — Mode  of  occurrence  of  sand  in  one  part  of  the  above  reddish-brown  day. 

C,  laminated  sand ;  D,  sand ;  A,  clay,  with  boulders ;  B,  day,  with 
small  stones. 

30.— Section  of  part  of  a  limestone  quarry,  at  Cleator  Moor.    A,  surfsoc  nearly 
cleared  of  clay,  with  a  few  remaining  boulders ;  B,  sea-worn  surface. 


II. — On  Italian  Tkbtiabt  BBAomoPODA.^     (Past  UL) 
By  Thomas  Davidson,  F.B.S.,  F.O.S.,  nc. 

(Plate  XXI.) 

48.  Bhjnchonella  hipartita  (Brocchi),  sp.,  PL  XX.,  Fig.  1,  2,  3. 
Anomia  hipartita  (Brocchi),  Conch.  Foss.  Subap.,  p.  469,  pi.  x.,  fig.  7, 
1814.  Tcrehratula  incurca  (Von  Buch),  Ueber  Tereb.,  pi.  ii.,  fig.  40, 
1834.  Terehratida  plicato-dentata  (Costa).  Fauna  del  Beguo  di 
Napoli,  p.  27,  pi.  v.,  fig.  4,  1851. 

In  his  description,  Brocchi  does  not  fail  to  observe  that  this  is  a 
very  variable  species.  It  is  more  or  less  transverse  or  elongated, 
and  while  some  specimens  are  entirely  smooth,  others  present  from 
two  to  four  ribs  near  the  front  in  both  valves,  and  about  a  similar 
number  on  each  of  the  lateral  portion  of  the  shell,  but  these  ribs  are 
short  and  do  not  seem  to  extend  far  in  tlie  direction  of  the  beaks. 
Tlie  veutnd  vidvo  is  gibbous,  with  a  well-defined  fold,  while  in  the 
dorsal  valve  the  sinus  is  broad  and  deep.  In  Broochi's  typical  form 
the  shell  is  smooth,  wliile  to  the  more  or  less  plicated  si>eoimen8 
Costii  has  applied  the  specific  name  of  pHcatO'dmtata,  but,  as  was 
well  sliown  by  Philippi  (Knum.  Moll.  Sicil.,  vol.  2,  pi.  xviii.,  fig.  5, 
1844),  tliere  exists  every  passage  in  shape  between  the  more  trans- 
verse and  smootli  specimens  to  those  that  are  more  elongated  and 
plicated  near  their  margin.  lih,  hipartita  is  also  stated  by  Meneghini 
and  others  to  occur  in  the  Middle  (?)  and  Upper  Miocene,  as  well  a» 
in  the  Older  IMiocene.  From  the  Miocene  it  is  quoted  by  the  last- 
named  gentleman  from  l^alazzo  near  Siena.  Parlascio  and  St  Li>renzo 
in  IHiscany,  and  by  Brocchi  from  tlie  Piticentino ;  while  Philippi. 

^  Concladed  from  page  408. 
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CoBta,  and  Sequenza  mention  it  firom  Altavilla  near  Palermo  and 
Plemmirio,  Fiumefreddo,  eta,  in  Calabria.  In  the  Lower  Pliooene, 
it  occurs  at  Orciano,  Livomo,  and  Siena  in  Tascany ;  in  Calabria  and 
in  the  district  of  Messina.  It  has  been  likewise  collected  by  M. 
G^ny  at  Beamnette,  Nice ;  by  Dr.  Battersby  at  Biot  near  Cannes ; 
and  at  Cerro  di  San  Anton,  Malaga,  by  Mr.  Champemowne.  I  have 
also  described  specimens  from  the  Island  of  Malta. 

49.  RhynehoneUa  Bole$ns%8  (Massalongo),  PI.  XX.,  Fig.  4  and  4tf. 
Ter,  JBoleensii  (Massalongo).  Schizzo  Q^gnostico  solla  valle  del 
Progno  o  Torrente  d'Hlasi,  etc.,  p.  18.    Verona,  1850. 

Shell  small  and  smooth,  somewhat  obtusely  five-sided,  about  as 
wide  as  long,  broadest  posteriorly,  truncated  in  front.  Ventral  valve 
moderately  convex,  with  a  broad  sinus  commencing  at  about  the 
middle  of  the  shell  and  extending  to  the  front;  beak  small,  acute, 
and  incurved;  foramen  minute.  I)orsal  valve  most  convex  at  the 
umbo,  mesial  fold  wide  and  flattened,  shell  structure  fibrous.  Length 
5,  width  5,  depth  2^  lines. 

This  little  shell  appears  to  be  pretty  constant  in  its  shape  and 
dimensions,  and  is  a  much  smaller  species  than  is  either  Bh,  dec^nent 
or  Bh.  complanata,  and  to  which  it  bears  some  resemblance  in  form, 
but  not  in  size.  Sig.  Massalongo  states  it  to  be  very  abundant  in  the 
Eocene  at  Bolca  and  Monte  SpUecco.  M.  Bayan  and  Sig.  Meneghini 
have  procured  it  from  the  same  localities.  At  Bolca  it  occurs  in  a 
small  bed  formed  of  a  loosely  aggregated  greensand,  with  a  peculiar 
local  facies,  and  with  it  are  found  Ter.  Bayaniana^  Bh.  polymarpha, 
and  several  other  remarkable  fossils. 

50.  BhynchoneUa  eomplanata  (Brocchi),  PI.  XX.,  Fig.  5.  Anemia 
complanata  (Brocchi).  Conch.  Foss.  Subap.,  vol.  2,  p.  469,  pi.  x., 
fig.  6,  1814;  and  Sequenza,  Annali  dell'  Accad.  degli  Aspiranti 
Naturalisti  di  Napoli,  third  series,  vol.  6,  pi  ii.,  ^g.  3,  1866. 

In  external  shape  this  species  somewhat  resembles  an  exceedingly 
flattened  specimen  of  Bh.  hipartita,  but  its  frontal  line  is  much 
more  straight,  and  its  fold  and  sinus  considerably  flatter.  It  is 
smooth,  and  when  full  grown  attains  to  nearly  the  dimensions  of  the 
last-named  species.  Broochi's  figure  does  not  convey  a  correct  idea 
of  the  species,  but  it  was  subsequently  well  described  and  illustrated 
by  Sig.  Sequenza,  and  I  am,  moreover,  indebted  to  Sig.  Eovasenda 
for  several  excellent  examples.  It  occurs  in  the  Middle  Miocene  of 
Gkissino  near  Turin.  Brocchi's  specimen  was  found  near  Pienza  and 
St.  Dalmazio  in  Tuscany,  and  it  is  also  said  to  occur  in  the  Upper 
Miocene  at  Butera  (?). 

51.  Bhynchonella  ncula  (Sequenza),  MSS.,  PI.  XX.,  Fig.  6. 

This  remarkable  species  will  be  fully  described  and  illustrated  by 
Sig.  Sequenza.  It  is  triangular,  broadest  anteriorly,  and  tapering  at 
the  beaks.  The  valves  are  moderately  convex  and  smooth,  without 
either  fold  or  sinus.  Bh.  sieula  was  found  by  Count  Al.  Spada  and 
Sig.  Sequenza  in  the  Older  Pliocene  (Zancleano)  near  Messina  in 
Sicily. 

52.  Bhynchonella  polymorpha  (Massalongo),  PI.  XX.,  Fig.  14-19. 
Ter.  polymarpha^  N.S.  (Massalongo).    Schizzo  Geognoatko  wiiVia.^^^ 

VOL.   VU.— KO.   LXXTI.  ^^ 
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del  Piogno  o  Toirente  d'lllasi,  etc,  p.  19.  Yerona,  1850.  Ter.  mh- 
taria  (Schafl).  Sohauroth  VerazeiohiiisB  der  Yent.  Herzogl  Natur. 
Zu  Coburg,  p.  166,  1865. 

This  is  a  veiy  important  and  exceedingly  Tariable  specieB,  and  its 
oorxect  identification  offers  certain  difficnltieB,  and  especially  so  wh0n 
we  compare  it  with  a  similar-shaped  shell  from  the  Miocene  to 
which  Sig.  Michelotti  had  in  1839  applied  the  specific  designatioii  of 
Buehii.  Some  polfeontologists  would  seem  indmed  to  unite  the  two 
into  a  single  species,  while  others  would  appear  disposed  to  retain 
them  as  distinct  RhynehoMUapolymorpha  is  so  Tariable,  that  two  or 
three  so-termed  species  might  be  made  out  of  its  different  shapes 
did  we  not  possess  all  the  intermediate  and  connecting  links.  It  is 
Tery  irregular  or  inequilateral,  and  is  either  a  little  wider  or  shorter 
than  long,  broadest  anteriorly,  tapering  at  the  beaks,  and  has  always 
one  half  of  each  of  its  valves  twisted  indifferently  either  to  the 
right  or  to  the  left,  so  that  one  half  of  each  valve  is  near  the  front 
either  higher  or  lower  than  the  other ;  no  regular  median  fold  or 
sinus  exists,  the  frontal  line  being  during  half  its  length  convex  and 
elevated,  or  bending  suddenly  downwards  by  a  rapid  curve.  The 
beak  is  angular,  with  a  small  circular  foramen  under  its  extremity, 
which  is  surrounded  and  more  or  less  widely  separated  from  the 
hinge-line  by  a  deltidium.  The  surface  of  the  valves  is  in  some 
specimens  entirely  smooth,  while  in  other  examples  five  or  more 
^ort  angular  or  rounded  ribs  occur  in  the  vicinity  of  the  margin  on 
the  one  half  of  the  shell  only,  the  other  half  remaining  smooth, 
but  in  other  individuals  both  sides  of  the  shell  possess  these  ribs., 
while  the  posterior  half  of  the  shell  is  usually  smooth.  The  largest 
example  I  have  seen  measured  ten  lines  in  length  by  six  in  depth. 

Through  the  kindness  of  several  friends  I  have  been  able  to 
assemble  a  largo  nimiber  of  the  Eocene  Rh,  polymorpha  and  of  the 
Miocene  Rh,  Buehii^  so  that  I  was  able  to  select  from  them  the  very 
instructive  series  of  specimens  figiured  in  our  plate.  I  believe  it 
will  be  seen  from  tliese  dramngs  that  if  not  speoifically  identical,  it 
is  highly  probable  that  Rh.  Buehii  is  a  regular  descendant,  with 
small  modifications  due  to  time  and  altered  circumstances,  of  the 
more  ancient  Rh,  polymorpJui,  and  that  the  Miocene  shell  much  more 
rarely  presents  the  short  ribs  which  are  so  often  met  with  in  speci- 
mens of  Massalongo's  species.  It  may,  therefore,  be  advantageous 
to  preserve  the  two  designations.  Sig.  Meneghini  is  of  opinion  that 
the  shell  mentioned  by  Alcide  D*Orbigny  under  the  designation  of 
Rh,  Zignodiana,  and  erroneously  placed  by  liim  into  his  Terrain 
Callovien  (Prodrome,  vol.  1,  p.  343,  I860),  is  a  synonym  of  the 
species  under  description,  as  is  likewise  the  case  with  the  Ter.  con- 
torta  of  Schaftault,  which  was  figured  and  illustrated  by  Baron 
Scharauth  in  1865,  but  erroneously  referred  by  him  to  the  Cretaceous 
period.  M.  Mortillot  describes  Rh,  polymorpha  as  a  lerebratuk 
approaching  Rh,  incurva.^  Dr.  Oppel  has,  likewise,  described  and 
illustrated  a  Jurassic  species  under  the  designations  of  Rh.  alt  a  and 

^  TerraiDS  du  Tenant  Itnlicn  des  A1pf>9,  compares  a  ceax  da  Tenant  FrancaiB« 
all.  Soo.  O^ol.  de  France,  second  series,  toI.  10,  p.  802. 
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Tar.  folymwrphoy^  wbioh  greatly  resembles  the  Eocene  Bhyneho- 
neUa  under  description,  but  M.  Bayan  informs  me  Dr.  Benecke  has 
followed  these  beds  (described  by  Oppel)  into  the  Tyrol,  but  did  not 
meet  with  the  Rh,  Ma,  although  he  mentions  T,  gtrda.  These  beds 
would  apparently  be  separated  from  those  containing  Massalongo's 
Bh,  polymarpka  by  the  bed  with  T.  diphya,  as  well  as  by  all  the 
Cretaceous  formation,  and  it  is  hardly  possible  to  believe  that  the 
£A.  alUi  and  Bk.  polymarpka  could  belong  to  the  same  species, 
although  some  specimens  of  Oppel*s  shell  may  bear  some  resem- 
blance to  certain  Eocene  ones.  Bh.  polymarpka  was  noticed  by  Baron 
de  Zigno  in  1858. 

Rh.  polymarpha  was  found  by  Sig.  Men^hini  at  Bolca  and  Breonio, 
in  the  Yioentin,  where,  according  to  that  able  palaeontologist, 
as  well  as  M.  Bayan,  it  may  justly  be  referred  to  the  lowest 
portion  of  the  Eocene,  since  it  occurs  in  a  bed  overlying  the  Scaglia 
or  Chalk  of  the  Italians.  M.  Bayan  has  collected  it  from  his  stage 
A,  at  M(Hite  Spilecco,  near  Bolca,  and  in  the  Val  degli  Strangellini, 
at  Novale  or  the  Zovo  di  Castelvecchio  (Zovo  being  a  Venetian  patois 
designation,  or  corruption  of  Giogo,  jugum).  It  has  also  been  found 
by  Sig.  Men^hini  in  the  Nummulitic  beds  of  Brescia. 

&S.  BhynehoneUa  Buchii  (Michelotti),  PI.  XX.,  Fig.  8-13.  Bh. 
Buehii  (Michelotti).  Brevi  cenni  d'Alcuni  resti  delle  classi  dei 
MoUuschi  Acephali  e  BraohiopodL  Annali  delle  Scienze  del  B^pio 
Lombardo-Yeneto,  p.  23,  1839,  and  Faune  Miocene  de  la  Haute 
Italic,  p.  77,  pi.  ii.,  fig.  25,  1847.  Bh.  deformis  (Seqaenza).  Annali 
degli  aspiranti  Naturalisti  di  Napoli.  Third  series,  vol.  vi.,  pi.  iii., 
fig.  3,  3a,  1866. 

In  the  preceding  description  we  have  already  referred  to  this 
species,  which  does  not  appear  to  quite  attain  the  dimensions  of 
of  Bh.  polymarpha.  Its  valves  are  likewise  generally  smooth ;  short 
ribs  on  one  half  of  its  valves  being  of  rare  occurrence,  and  I  have 
not  yet  seen  them  on  both  halves  of  the  shell.  It  was  from  a 
crushed  example  of  one  of  these  exceptional  specimens  (Fig.  13) 
that  Sig.  Sequenza  formed  his  Rh,  deformis,  but  which  name  will,  for 
the  reasons  above  given,  require  to  be  placed  among  the  synonyms 
of  Bh,  Buehii.  According  to  Michelotti  this  species  would  occur  in 
the  Lower,  Middle,  and  Upper  Miocene.  In  the  Lower  Miocene  it 
is  found  at  Chiampo,  in  the  Yicentin,  but  this  stage  would,  accord- 
ing to  some  geologists,  form  part  of  the  Upper  Eocene,  and  the  shell 
may  consequently,  perhaps,  be  a  variety  of  Rh.  polymarpha.  In  the 
Middle  Miocene  it  abounds  at  Grangia  and  Termo  Foura,  in  the  hill 
of  Turin,  and  it  is  from  there  that  Sig.  Bovasenda  procured  the  fine 
series  of  specimens  figured  in  my  plate.  It  is  found  likewise  at 
Sciolze  and  Callessioue,  near  Turin.  In  the  Upper  Miocene  at 
Altavilla  (Michelotti). 

64.  Rhynchanella  Meneghiniana  (Dav.),  PI.  XX.,  Fig.  7. 

Shell  small,  globular,  nearly  as  wide  as  long,  with  about  twelve 
or  thirteen  ribs  on  each  valve ;  beak  small,  incurved ;  valves  convex, 

^  TJeber  das  Vorkommen  von  jurassichen  Posidonomyen-Gesteiiieii  in  den  Alpen, 
p.  208,  pi.  ri.,  fig.  1. 1863. 
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fold  and  sinuB  apparent  only  dose  to  the  front    Length  4^  width  4, 
depth  3  lines. 

Of  this  species  I  have  seen  bat  one  example,  which  had  been 
found  by  Sig.  Meneghini  in  the  Nommnlitio,  or  Eocene  of  Bolca.  It 
is  entirely  distinct  from  any  of  the  other  Italian  species  of  its  genns. 

65.  Crania  Bayaniana  (Dav.),  PI.  XXI.,  Fig.  20,  201. 

Shell  small,  orbicular,  broadest  and  rounded  anteriorly,  slightly 
converging  and  nearly  straight  posteriorly;  Ycntral  valve  attached 
by  a  portion  of  its  sheU  to  corals,  JBryozoa,  etc.;  dorsal  valve  slightly 
convex,  sometimes  much  flattened^  apex  sub-marginal;  external 
surface  covered  with  numerous  prominent  concentric  ridges,  from 
which  rise  numerous  small  adpressed  spines.  In  the  interior  there 
exists  a  widish  granulated  border  with  four  muscular  impressionB, 
the  central  pair  in  the  dorsal  valve  being  divided  by  a  nose-like 
prominence.  Length  and  width  about  4  lines.  Some  little  un- 
certainty seems  still  to  exist  as  to  the  Eocene  age  of  the  bed  con- 
taining this  small  Crania,  It  would,  according  to  Dr.  Suess  and  Mr. 
Bayan,  correspond  to  the  beds  of  Biarritz,  which  these  geologists 
would  consider  to  be  superior,  or  to  overlie  the  Galcaire  Gkossier  of 
the  Paris  Basin.  C,  Bayaniana  was  found  by  Mr.  Bayan,  at 
the  Bucca  di  Sciesa,  near  Brendola,  and  at  Lonigo  (Colli  Berici). 
and  if  the  specimen  attached  to  a  coral  (fig.  21,  2L0)  belongs  to  the 
same  species,  it  would  occur  likewise  at  Orosara  (along  with  Tked- 
dium  MediUrraneum),  in  the  upper  portion  of  Mr.  Bayan's  stage  F. 

66.  Crania  ahnomm  (Defrance),  PI.  XXL,  Fig.  22-27.  C,  ahnormit 
(Defrance).  Die.  Sciences  Nat,  vol.  ii.,  p.  312,  id.  F.  W.  Hoening- 
haus,  Monog.  der  Grattung  Crania,  p.  13,  pi.  i.,  &g.  13,  1828.  C, 
Hoeninghausii  (Michelotti).  Acephali  et  Brachiopodi,  p.  6,  and  Foss. 
Mice,  de  V  Italia  Sept  p.  79,  pi.  ii.,  fig.  27,  1847.  C.  Rug^ia 
(Sequenza).  Piedmontese  Brachiopoda.  Annali  dell'  Aoead.  degli 
aspiranti  Naturalisti  di  Napoli.  Third  series,  vol.  ^'i.,  pi.  ii,  fig. 
4,  1866. 

The  interior  of  both  valves  of  this  Crania  have  been  well  described 
and  figured  by  Hoeninghaus,  Goldfuss,  and  others,  but  the  exterior 
of  the  upper  valve  only  seems  to  have  been  illustrated.  In  1866 
Sig.  Sequenza  had  received  fi*om  Sig.  Rovasenda,  of  Turin,  some 
lower  valves  of  a  Crania  which  appeared  to  him  to  differ  so  much 
from  the  upper  valves  of  C.  abnannia  that  he  felt  tempted  to  propose 
for  these  last  the  specific  designation  of  ruyosa.  During  the  winter 
of  1868,  Sig.  Eovasenda  sent  me  a  large  series  of  upi>er  valves  of 
C.  abtiarmis,  as  well  as  several  specimens  of  Sequenza's  C  ruyota, 
and  I  became  at  once  impressed  with  the  idea  that  this  last  was  no 
other  than  the  attached  valve  of  Defrance's  species.  In  order  to  test 
the  accuracy  of  this  view,  I  obtained,  through  the  kindness  of 
M.  Charles  Des  Moulins,  of  Bordeaux,  and  of  M.  B.  Touniouer,  of 
Paris,  some  authentic  specimens  of  the  attached  valve  of  C,  ahnormisy 
derived  from  the  Falims  of  Terrendgre,  near  Bordeaux  (fctage  Tong- 
rien  d'Orb),  the  locality  from  whore  Dofrance's  specimens  had  been 
obtained,  and  I  at  once  found  that  I  had  been  correct  in  my  anticipa- 
tion, namely,  that  the  French  examples  would  entirely  agree  with 
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those  termed  ruffa$a  by  Sequenza.  The  lower  valTO  of  C,  ahnormis  is 
exoeedingly  thick  and  inegnlar,  and  attaches  itself  to  submarine 
objects  by  a  small  portion  of  its  sliell,  while  the  remaining  part  is 
roughly  ooncentri(»Jly  striated  or  grooved  (Fig.  23  and  26). 
C.  ahnormii  abounds  in  the  Middle  Miocene  at  Orangia,  Termu 
Fonra,  Sdolze  and  Gallessione,  in  the  Hill  of  Tnrin ;  also  at  a  place 
termed  L'Ospitzio  di  St  Colombano,  in  the  plains  of  Lombardy,  at 
six  miles  from  LodL  The  upper  Talve  of  uiis  Crania  is  very  com- 
mon, but  the  attached  one  is  found  in  much  less  abundance. 

67.  Crania  lamsOasa  (Sequenza),  PL  XXL,  Fig.  28,  29.  Sicilian 
Brachiopoda,  pL  viiL,  fig.  8, 1865. 

When  Sig.  Sequenza  described  this  species  he  was  in  possession  of 
one  attached  valTe  only,  but  since  then  he  has  found  several  speci- 
mens of  the  upper  or  unattached  valve,  whidi  he  will  describe  and 
illustrate  in  his  forthcoming  new  work  on  the  Tertiary  Brachiopoda 
of  Southern  Italy.  C.  lameUota  occurs  in  the  Upper  Pliocene  of 
San  Filippo,  near  Messina. 

68.  Crania  turhinata  (PoK),  Vol.  IL,  p.  189,  PL  XXX.,  1791. 
Sequenza,  Sicilian  Brachiopoda,  p.  75,  1865. 

I  have  never  seen  any  fossil  Italian  specimen  of  this  species.  It 
is  described,  but  not  figured,  by  Sig.  Sequenza,  and  is  stated  to 
oocur  in  the  Quaternary  deposits  of  Gravitelli  and  Trapani,  near 
Messina,  and  is  alive  in  the  Mediterranean. 

I  have  now  completed  my  brief  review  of  Italian  Tertiary  Bra- 
chiopoda, and  have,  I  believe,  sufficiently  shown  how  numerous  and 
interesting  are  the  [^)ecies  that  occur  in  that  peninsula.  It  is  more 
than  prol^ble  that  some  few  of  the  so-termed  species  enumerated 
in  our  list,  when  better  known,  will  require  to  be  added  to  the 
synonyms  of  some  of  the  others ;  and  I  hope  that  before  many  years 
will  have  elapsed,  that  Italian  Palseontologists  will  have  enriched 
science  by  the  publicati(m  of  a  complete  monograph  of  the  Tertiary 
Brachiopoda  of  Italy. 


3.    M$g$rlia  oMito(&iichelotti},  Middle  Miocene,  Hill  of  TlIrix^    after 
Micfar 


4. 


EXPLANATION  OF  PLATE  XXI. 

Fioi.  1,  2.    Meoirlia  truncata,  (Liim^.)     1.  Pliocene,  near  Meanna.     2.  Middle 
Miocene,  Gkangia,  near  Turin. 
\a  oblii 
lelottL 
r^fr/aa  /  arbieularit  fMeneg.)  MS.,  Upper  Miocene,  St.  Dalmazio, 
Tucanj,  from  uipabliBhed  drawings  by  Sig.  MeneghinL    4  a,  b,  e,  en- 
larged. 
6.    Argiope  dteoHata  (Chemnitz),  Pliocene,  near  Measina.    6a  enlareed. 
6,  7,  8.  Arjnop€  d^coUata  F  Eocene.    Lower  part  of  M.  Bayan's  stage  F.,  Yal  di 
Doorranto,  near  Brendola.    Mns.  of  the  School  of  Mines,  Paris.    6a, 
7a,  8a,  enlarged. 
9.    Arauip$  eoitulata  (Seqnenia),  Middle  Miocene,  Baldessero,  ColL  of  Sig. 
korasenda.    9a  exterior  enlanred.    9b.  int.  of  dorsal  yalve  enlarged. 

10.  Argiop4  Neapolitana  (Scaochi),  Pliocene,  Siena.    10a  enlarged. 

11.  Arfiape  varioUUa  (Sold),  according  to  MeneghinL     Pliocene    Siena. 
11a  enlarged. 

12.  Argiope  hmtffra  (Philippi),  cUUUtda  (Wood),  Lower  Pliocene,  Messina, 
after  Sequenza.    12a  enlamd. 

13.  Argiope  lavU  (Sequenza),   Middle  Miocene,   Orangia,  coll.  ot  ^\%. 
EoTaieoda. 
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14.  Arpitpi  f  EovMaendima  (DaT.%  Lower  If  ioooM  or  OUgoeeM,  Konli 

Sgiere  di  Sant  XJrbano.    Mm.  Sohoolof  Minei,  Fferis.    14  «,  *i  «,  4 

dulIffBCL 

15.  FUUidia  (iCorrina),  antmioulM  (Soaocbi),  Lower  Pliocene,  near  UmmatL 

16«eBiarged. 

16.  FUtkKa  (MorriiU)  Jkmdmmi  (Deilongohui^t),  QaiteniaTyy  Ti^tm, 

SicUy ;  after  Saqoema. 
17-19.    TkeeitUum  MediUrraimm  (RiaBo).    17.  Lower  IGoeene  or  (Migooene, 
Monti  QnimidiCaatdGoberto.  Mm.  School  of  Mine^PlariB.  ITa,^ 
enlarged.    18, 19,  from  Middle  Miocene,  near  Turin,  oolL  of  Kg. 
BoTasenda. 

20.  QrmUu  Bm^mimut  Par.),  Eocene  ?    Bneoa  di  Sden,  near  Bmdola. 

20  a,  ^  enlaiged.    Mna.  JS'cole  dee  Minea,  Piria. 

21.  Crania  Bayaniana  ?  Eocene,  Groaaia.    Same  collection. 

22-27.  Orania  abmrmit  (Det)  22.  Atta^ed  yalye.  Middle  Miocene,  Sdoltt. 
224ienltfged;  23,  exterior  ef  same  flfeeimen,naiaralaiae;  24,  interior 
of  apper  Talre,  Middle  Miocene,  Hill  of  Tuin.  24a.  enlarged;  26, 
exterior  of  same  valve ;  26,  27,  exterior  and  interior  of  an  attached 
valve,  from  Terren^gre,  near  Bordeaux. 

28  -29.     Crania  lameiiota  (Sequenza),  Pliocene,  near  Meesina.    Enlarged. 


^ 


III. — On  the  Chalk  of  Thaket,  Exmt,  and  its  CkiNKEonoN  with 

THE  Chalk  of  East  Kent.* 

By  Gnoaos  Dowxbb,  F.6.8. 

rilHE  Chalk  from  Cop-point,  near  Folkestone,  to  Walmer  in  Kent, 
1_  has  heen  so  well  described  by  Mr.  W.  Phillips,  that  I  need  do 
little  more  than  allude  to  his  paper,'  in  refarence  to  tiie  diTimona  of 
the  Chalk  in  East  Kent ;  but  in  a  notice  of  the  Isle  of  Thanet  by 
the  Eev.  W.  D.  Conybeare,'  this  gentleman,  from  the  absence  of 
flints  in  the  Chalk  near  Margate,  was  led  erroneously  to  suppose  it 
to  belong  to  the  lower  division,  and  it  was  not  till  1865  that 
this  error  was  exposed  in  a  paper  on  the  Chalk  of  the  Isle  of 
Tlianet  by  Mr.  W.  Whitaker,  F.G.8.,  of  the  Geological  Survey,*  the 
latter  gentleman  pointed  out  the  true  position  of  the  Margate  Chalk,  as 
that  of  the  highest  Chalk,  and  superior  to  that  with  numerous  flints  seen 
at  Eamsgate ;  and  ho  there  remarked,  "  Very  likely  the  Broadstairs 
Chalk  will  turn  out  to  be  the  upper  part  of  the  *Chaik  with  many 
Flints '  (Phillips)  of  the  cliffs  from  Walmer  Castle  to  Dover  Castle, 
and  which  is  there  the  highest  division;'  so  that  the  Isle  of  Thanet 
section  would  be  the  upward  continuation  of  that  given  by  Mr. 
Phillips." 

Having  in  1866  examined  with  Mr.  Whitak»r  the  coast-sections  of 
the  Isle  of  Thanet,  and  since  that  time  made  various  com- 
parisons of  the  Chalk  of  Thanet  and  surrounding  neighbourhood, 
and  having  collected  many  fossils  from  the  Margate  Chalk,  as  well  as 
the  uppermost  divisions  of  the  Chalk  shown  in  pits  at  Word,  Eastry, 
Wingham,  and  Canterbury,  it  is  my  object  in  this  paper  to  lay  before 
this  Society  the  conclusions  I  have  arrived  at 

^  Read  before  the  Geologists*  Association,  May  7,  1870. 
*  Geological  Transactions,  toL  iv.,  p.  437. 

»  Geology  of  England  and  Wales,  by  the  Rer.  W.  D.  Conybear©  and  W.  PhiUlw 
(1922),  p.  90. 
*'  Journal  of  the  Geological  Society,  1866,  p.  396. 
«  The  Geologist,  lB63,p.  V54. 
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It  will  be  remembeired  that  Mr.  Phillips  divides  the  Ohalk, 
commenoing  with  that  between  Walmer  and  St  Margaret's  Bay 
into— 

Ist  Chalk  with  nmnerons  flints  350  feet,  divided  into  Ohalk 
with  few  or]eanio  remains  and  beds  of  flint  about  two  feet  apart,  and 
a  bed  of  Ohidk  with  nnmerous  oiganic  remains  with  peonliarly  formed 
interspersed  flints. 

2nd.  Chalk  with  few  flints  130  feet,  and  between  this  and  the 
last  a  thin  bed  of  Marl,  two  or  three  inches  thick. 

3rd.  Chalk  without  flints  140  feet  Between  this  and  the  last  a 
soft  bed  of  Marl ;  this  is  subdivided  into  a  bed  oontaining  numerous 
beds  of  oiganic  remains  90  feet»  and  a  stratum  about  50  feet  with 
few  organic  remains. 

4tlL  Qrey  Chalk  estimated  at  not  less  than  200ft.  This  description 
applies  to  tibe  coast  section ;  inland  between  Walmer  and  Wingnam, 
a  bed  of  Chalk,  superior  to  that  seen  in  the  coast-section,  is  met  with, 
consisting  of  marly  Chalk,  with  few  flints,  and  this  bed  I  take  to  be 
the  representative  of  the  Margate  Chalk.  This  latter,  described 
by  Mr.  Whitaker,  is  characterized  by  the  absence  of  flints;  the 
few  found  in  it  are  not  disposed  in  regular  layers  but  scattered 
through  the  mass,  and  are  apparently  for  the  most  part  fossil 
sponges.  This  Chalk  is  very  soft  and  marly,  especially  when  wet, 
and  makes  superior  whiting :  occasionally  very  thin  beds  of  flint 
occur  obliquely.  It  is  very  much  jointed  at  right  angles  to  the 
plane  of  bedding,  and  the  laiger  joints  which  are  very  marked 
and  constant,  run  mostly  in  a  north-west  and  south-east  direction. 
The  wearing  away  of  the  cliff  along  these  joints  forms  a  conspicuous 
and  picturesque  feature  in  the  Maigate  Chalk,  the  joints  being  often 
traceable  inlimd  from  atmospheric  denudation  having  followed  them. 
Besides  the  pecidiar  jointing  of  this  Chalk  it  breaks  up  in  drying 
into  numerous  smaller  joints,  and  is  very  splintery,  giving  forth  a 
metallic  sound  when  struck  with  a  hammer.  This  division  of  the 
Chalk  may  be  80  or  90  feet  in  thickness,  and  the  upper  portion  has 
a  peculiar  ferruginous  tint,  owing  to  numerous  organic  remains  in 
oxide  of  Iron.  A  short  time  since  a  well  was  sunk  at  Mr.  Cobb's 
Brewery  at  Margate,  which  gave  the  following  details.  The  well 
being  in  a  valley  all  the  upper  beds  were  not  present 

Chalk,  without  flints 30  feet,  Margate  Chalk 

Chalk,  with  numerous  flints  265    „ 

Eocky  Chalk  19    „ 

Blue  Marl   3    „ 

Beyond  this  the  well  was  continued  into  Chalk,  having  few  flints, 
depths  not  determined.  It  seems  to  me  probable  that  the  Bocky 
Cludk  and  the  Blue  Marl  were  the  representatives  of  the  bed  de- 
scribed by  Mr.  Phillips  as  seen  below  Dover  Castle.  Mr.  Whitaker 
in  his  paper  on  the  llianet  Chalk  showed  the  connection  of  the  Mar- 
gate or  upper  flintless  Chalk  with  that  at  Broadstairs  and  Bamsgate, 
where  a  more  flinty  Chalk  is  seen.  In  the  Cliff  section  the  lower  or 
flinty  Chalk  rises  near  Broadstairs,  and  dips  again  bet^^^n  '^ftss^'^gil^ 
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and  Pegwell  Bay,  where,  from  the  presenoe  of  nmneioiui  small  faolti 
with  a  dip  towards  the  south,  the  lower  beds  are  rather  suddenly 
brought  to  the  sea -level,  and  beyond  this,  to  Cliffis  End,  the  upper  or 
Margate  Chalk  again  appears.  The  Isle  of  Thanet  bcdng  in  &ot  an 
elevated  aroh  of  Chalk,  and  the  valley  of  the  Stour,  between  it 
and  the  rest  of  Kent,  a  synclinal  filled  with  Tertiary  deposits.  At 
Cliffs  End,  a  junction  of  the  Chalk  and  Tertiaries  may  be  observed 
by  the  green-coated  flints :  I  have  elsewhere  described  these  junctions.' 
Mr.  Whitaker*  considers  the  Thanet  Beds  to  rest  conformably  on 
the  Chalk  and  if  so  we  should  expect  to  find  the  highest  beds  of 
Chalk  immediately  beneath  them. 

In  the  Diagram  illustrating  this  paper  I  have  ventured  to  &dopt  a 
new  nomenclature  for  the  cuvisions  of  the  Kentish  Chalk.  The 
divisions  of  Mr.  Phillips  occurring  as  they  do  at  Dover,  St.  Mar- 
garet's, and  at  Bamsgate,  I  have  preferred  naming  from  the 
towns  where  they  may  be  most  advantageously  studied.  Com- 
mencing at  Folkestone,  the  Qrey  Chalk  (6)  is  easily  recognised  and  is 
a  term  universally  admitted.  Next,  the  Flmtless  Chalk ;  (5)  these  two 
constituting  the  Lower  Chalk.  Next,  the  Chalk  with  few  flints  I 
have  named  Dover  Chalk  (4)  (large  Ammonites  occur  in  it).  The 
next  division  (3)  of  Mr.  Phillips,  which  he  calls  a  bed  of  organic 
remains  with  "  interspersed  flints,"  I  caU  St.  Margaret's  Chalk  (this 
bed  is  of  a  greyish  appearance).  The  next  bed,  (2)  that  with  ''nume- 
rous flints  in  layers,"  Mr.  Phillips  has  subdivided;  I  have  classed  it 
altogether  as  Bamsgate  Chalk ;  this  bed,  which  dips  at  Eingsdown, 
rises  again  in  the  Isle  of  Thanet,  and  is  well  developed  at  Bamsgate, 
where  it  constitutes  the  entire  cliff;  above  this  we  have  (1)  the  Margate 
Chalk.  These  divisions  hold  good  as  far  as  East  Kent  is  concerned. 
Mr.  C.  Evans,  in  a  paper  lately  read  before  this  Society,'  divided  the 
Chalks  near  Croydon  and  Oxtead  into  Purley,  Biddlesdown,  Eenley, 
Whiteleaf,  Warlingham,  Morden,  etc.,  beds,  but  without  a  knowledge 
of  those  cuttings  I  am  unable  to  class  them  with  the  East  Kent 
Chalk,  nor  do  I  believe  much  in  the  evidence  of  fossil  zones,  which 
he  lays  much  stress  upon.  As  feir  as  palasontological  evidence  is 
concerned,  it  depends  much  on  the  lithological  character  of  the 
Chalk  in  which  fossils  occur ;  for  instance,  large  Ammonites,  I  will 
not  say  they  are  identical,  occur  in  the  Margate  and  Dover  Chalks, 
separated  by  great  thicknesses  of  Chalk,  in  which  they  do  not  occur, 
and  over  an  extended  area  certain  fossils  are  common  or  scarce  in  the 
same  bed  of  Chalk.  At  various  parts  of  the  Chalk  of  the  upper 
beds  in  the  Isle  of  Thanet  different  fossils  occur,  and  I  have  not 
attempted  to  draw  any  particular  inferences  from  Ihe  fossil  evidence 
until  I  have  collected  over  a  more  extended  area.  But  the  fossils  that 
occur  in  the  Margate  Chalk  are  most  of  them  identical  with  those  of 
the  Norwich  Chalk.     I  append  a  list  at  the  end  of  this  paper. 

Mr.  Prestwich  has  suggested  that  the  highest  Chalk  under  the 
Tertiaries  of  London  belongs  to  the  middle,  rather  than  the  upper 

>  GxoLooiOAL  Maoazinb,  Vol  111.,  No.  22,  Hay,  1866. 
*  Quarterly  Joomal  of  Geological  Society,  1866,  p.  397. 
'  ProoeedingB  of  Q«olo|;>iti'  Aiaooiation,  Jan.  7, 1870. 
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part  of  ibis  foimatioii.^  He  has  arri-ved  at  tfaia  oondnsion  parUj 
from  the  natuie  of  tiie  Chalk  beneath  the  TertiarieB  and  its  omnio 
remainB,  and  alao  from  its  total  thicsknees.  I  would  suggest,  how- 
ever,  that  the  TariationB  in  the  thidkness  of  this  deposit  may  not  be 
altogether  due  to  denudation  of  the  upper  bedsy  but  to  its  having 
been  dc^podted  over  an  uneven  sea-bed ;  for  if  the  unequal  thidknen 
of  the  Chalk  were  due  to  its  denudation,  we  should  still  find  the 
Lower  Chalk  of  oomparatiTely  the  same  thickness,  which  is  not  the 
case.  Moreover,  the  Upper  and  Lower  Oreensand  vary  much  in  thick- 
ness. Li  1855,  Mr.  Godwin-Austen  gave  reasons  for  supposing  a 
possible  elevation  of  the  Coal  Measures  beneath  the  London  basin ;  ^ 
and  Mr.  Prestwibh's  account  of  a  well  bored  at  Harwich  confirmed 
this  view.'  If  we  compare  the  Chalk  of  Kent  with  that  of  Norwich 
and  Diss  in  Norfolk,  Lyme  Begis  in  Dorset  with  the  Chalk  of  Paris 
and  the  Isle  of  Wight,  etc.,  we  find  that  it  is  not  always  the  upper 
but  the  lower  divisions  which  have  thinned  out,  as  the  following 
table  will  show. 

A  boring  in  the  Chalk,  lately  undertaken  to  prove  the  thickness 
of  the  Lower  Chalk  between  Dover  and  Calais,  taken  a  quarter  of  a 
mile  west  of  High  Light,  South  Foreland,  and  four  miles  south-west 
of  Calais,  both  below  high- water  mark,  gave  the  following  result  :— 

At  South  Foreland 175  Upper  Chalk. 

„  „         295  Lower     „ 

470 

At  Calais 270  Upper  Chalk 

„        480  Lower     „ 

750 

In  the  Isle  of  Wight  Upper  Chalk  estimated...  1200 

White  Chalk,  without  flints  200 

Chalk  Marl • 60  to      80 


1480 


Norwich.  Diss. 

Chalk,  with  flint,  6  or  7  ft  Chalk,  few  flints,  marly    .,.  100 

apart  483  Chalk  flints,  in  layers  330 

Chidk,  soft  and  yellow 10  Grey  Chalk,  with  flints     ...  60 

Hard  flints,  2  or  3  ft.  apart  190  Blue  Chalk    20 

Chalk,  without  flint  350  — 

Grey  Chalk    102  510 

1135 

^  Water-bearing  strata  of  London  (1861),  p.  139. 
2  Journal  of  Goo\ogfu»l  ^odsby^  1857,  p.  249. 
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LtmxBxois.  Gbxnille,  Fabis. 

Chalk,  nmneioaB  flints 50     Chalk,  with  flints 1148 

Do.  flintB  not  so  numerous  50     Lower  Chalk 246 

Without  flint     40                                                  

Ditto,  green  grains 25  1894 

165 

And  the  section  at  Harwioh— Chalk,  with  flints   690 

„  „  „  Chalk,  without  flints 198 

888 

It  will  be  seen  from  the  foregoing  sections  that  the  Upper  Chalk 
prevails  at  Norwich,  Me  of  Wight,  Paris,  and  Harwich,  while  the 
Lower  Chalk  at  Dover,  Calais,  and  Diss  in  Norfolk,  which  latter 
section  presents  a  remarkable  exception  to  the  Norfolk  Chalk,  and 
appears  to  correspond  with  that  of  Margate.  The  absence  of  flint 
in  the  Chalk,  or  at  least  flint  in  tabular  layers,  may  be  owing  to 
some  lithologioal  character  of  the  Chalk,  as  soft  Marly  Chalk  is 
generally  destitute  of  flint  Mr.  Tate,  in  a  paper  read  before  the 
(Geological  Society  in  1864,*  described  the  Upper  Cretaceous  beds  of  Lre- 
land  as  equivalents  of  the  Norwich  Chalk,  Uiough  they  difier  so  much 
in  lithologioal  appearance  that  Conybeare  referred  them  to  the  Lower 
Chalk.  I  observed  last  summer,  during  a  visit  to  the  Isle  of  Wight, 
that  the  Upper  Beds  of  Chalk,  at  the  junction  with  the  Plastic  Clay 
at  Alum  and  White  Cliff  Bay,  had  a  more  Marly  and  soft  appearance, 
and  I  obtained  a  few  fossils  correspouding  with  those  from  Margate. 
The  Chalk  at  Oravesend  and  Northfleet  though  possessing  more 
flints  than  the  Upper  Beds  of  the  Isle  of  Thanet  have  many  fossils  in 
common,  but  on  the  whole  I  should  consider  it  more  like  the  Upper 
Beds  of  the  Ramsgate  Chalk.  How  far  the  Thanet  beds  may  rest 
conformably  on  the  Chalk  it  is  difficult  to  determine,  since  we  have 
no  continuous  sections,  but  the  denudation  of  the  Chalk,  previous  to 
the  deposition  of  the  latter,  shows  such  an  even  junction  in  all  the 
sections  I  have  had  the  opportunity  of  observing,  that  it  would  seem 
to  have  been  more  a  sub-marine  than  a  subaerial  action.  At  Alum 
Bay  the  junction  of  the  Beading  beds  with  the  Chalk  is  even,  (if  we 
except  the  sand  pipes)  and  mcurked  by  rounded  pebbles  in  a  ferrugi- 
nous sand.  In  East  Kent  the  fossils  derived  from  the  Chalk  in  me 
sand  at  the  junction  are  characteristic  of  the  upper  division,  Anan- 
ehytM  ovatm,  var.  pyramidatus;  and  Gakrites  alhogalerus,  var.  tumidiar 
being  very  constant. 

Of  the  fossils  from  the  Margate  Chalk  I  have  several  specimens 
of  large  Ammonites,  one  nearly  three  feet  in  diameter.  It  corre- 
sponds nearly  with  the  Ammonites  leptophylltu,  only  it  possesses 
no  ribs  or  undulations  on  the  surface.  Another  specimen  resembles 
Ammonites  Zewesiensis,  figured  in  the  Palaeontographical  Monograph. 
I  have  also  casts  in  flhit  of  two  other  species. 

A  small  BeUmnite  is  very  abundant ;  also  a  small  distorted  Ostrea, 
The  fossils  have  been  collected  from  the  following  localities  : — ^Mar- 
gate (I  am  indebted  to  Mr.  Wetherell  for  several  smallfossils  from  this 

^  Quart,  Jonzn.  GeoL  8oo.,  vol.  ixi,,  '^^  \^. 
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locality);  Sarr,  Thanet;  Pegwell  Bay,  Thanet;  Easizy;  Word; 
Wingham ;  and  Canterbniy. 

I  offer  the  following  list  of  fossils  as  open  to  some  correction,  and  I 
might  add  to  the  species  could  I  determine  the  names  of  all  the  fossils. 

I  leave  others  to  draw  their  inferences  from  the  Palaaonto- 
logical  eyidence,  but  it  is  dear  that  the  Margate  Chalk  may  on 
this  be  correlated  with  that  of  Norwich;  and  I  am  of  opinion 
that  on  lithological  evidence  we  may  assmne  the  Kentish  Chalk  to  be 
as  high,  if  not  higher,  than  that  of  Norfolk. 

The  section  of  Chalk  from  Folkestone  to  Foreness  aooompanying 
this  paper  is  an  ideal  section,  the  heights  above  the  sea-level  given 
as  accurately  as  I  have  beeoi  able  to  estimate  them,  and  the  namei 
of  places  on  the  section  as  approximately  as  I  could  place  them  with- 
out pretending  to  absolute  accuracy. 

LIST  OF  FOSSILS  FBOM  THE  MARGATE  CHALK. 
Named  from  MorriB^B  Catalogae.— ^.  common,  M.C.  moderately  common,  B.  lait. 


AMOBPHOZOA. 

BrachioliUs  labifrinthieui  ?  B. 
Coalites  BautHs, 
Ckoaniies  Kdnigii,  M.C. 
Cofcuiopora  alofmlarit^  C. 

■  utvitt  M.C. 

I  niUolus,  M.C. 
Manon  oscutylerumt  B. 
S^^konia  Jforrisii  T  B. 
8wmffi4B. — ^Various  species. 
Fentriailites  akjfonouU*,  M.C. 
— ^^^    ^fUruosus  ?  R. 

infundihuliformitf  B. 

raJiatMSt  M.C 

• TownsmJi^  C. 

Foramin\fera  (specieB  ondotermined). 

ZOOPHTTA. 
Panumilia  centralist  R. 
cultrata  ?  R. 

ECUINODERMATA, 

Marsupites  litvigatus^  M.C. 
'         omatu$t  C. 

MilUrit  C. 

Ananehytea  ovatuSt  C. 

■  ecnoidmst  C. 

jfyramidatus,  M.C. 

ddaris  clavigtrCf  R. 

— ^—  scfptrifera,  M.C. 
Cyphosoma  coi^Uarfy  R. 

Koniaii,  R. 

GaUriies  albo'oaUruSt  C. 
^— ^—  tumiaiort  M.C. 
Micraster  cor'anyuinum,  C. 

aihhust  R. 

Oreaster  Ifoysiit  R. 

■  pistiUtformis,  M.C. 
PentacrinuSt  R. 
Echinopsis  pusilla  ?  R. 

ANNELIDA. 

Serpula  plana^  P- 

plexus f  M.C. 

'■  vortex^  M.C. 

BRYOZOA. 
AUcto  graciliiy  B. 
Atoffma  papulaTiwm^  B. 
Diattopora  romoto,  B. 


\ 


^^yOZO^.— continaed. 

Marginaria  Boemeri  ?  B. 
Puttulopora  pustulosa,  M.C, 

BBACHIOPODA. 

Crania  eottatat  B 

ImahergmM? 

PariiimtiSf  M.C. 

Magas  pumilat  C. 
Terwratula  camea,  M.C. 

'  Sfmifflobosa,  C. 
Kingena  lima  ?  { Davidaon)  B 
Bhynchonella  octoplicata,  C. 

plicatUis  (small  variety),  R 

suhplicata. 

Terthraiulina  gracilis  7 

stnata^C. 

LA3fELLIBRANCHIATA. 

Exogyra  auricularis  ?  B. 
Inoceramus  unJulatus,  C. 

(species  ondetermined). 

Lima  granosa  7  B. 

■  IioperXt  C. 

Ostrea  tn<e^utro5<ate,M.C. 
— —  (small  species),  C. 
Peettn  avuicostatuSt  R. 

ihtrjardinU  M.C. 

nittduSt  M.C. 

subinterstriattiSt  B. 

Spondylus  Brightoniensis,  M.C. 
nnnosuSi  M.C. 

■  Jimbriatus  7  M.C. 
— ^—    latus. 

Chama  inaguirostrata  ?  B. 

CEPHALOPODA, 

Ammonites  leptophyllus. 

(lar^  spedes,  unknown). 

Belemnitella  mucronata,  M.C. 
— —   quadrata,  B. 
7  w.  C. 

i  isubjitsiformi^  D*Orbisv 

PISCES. 

Remains  abundant,  bat  wanting  imAd 
iMrnoAy  Pt^ekodust  OtoduM;  at  ' 
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IV. — On  Faults  in  Strata. 

By  Hbnbt  B.  Msduoott,  B.A.,  Geological  Surrey  of  India. 

(With  a  Diaobax.) 

SINOE  I  first  saw  my  short  notice  on  **  Faults  in  Strata  *'  in  print 
(GsoLOOiOAL  Maoazinx,  1869,  Vol.  YI.,  p.  341),  I  have  oeen 
anxious  to  remove  a  blemish  of  apparent  flippancy  in  alluding  to 
iystemi  as  applied  to  faults.  I  had  indeed  in  view  cases  where  that 
method  had  been  used  imitatively — ^with  the  tacit  assumption  of  an 
established  and  well-understood  meaning;  but  I  lost  sight  of  the 
£su)t  that  serious  special  work  had  been  devoted  to  the  subject,  and 
my  remark  was  unqualified.  I  have  to  thank  my  friend  Mr.  W.  T. 
Blanford  for  an  opportunity  of  making  this  correction,  as  well  as  of 
adding  some  further  considerations  on  so  important  a  point  in  the 
principles  of  stratigraphy. 

Li  his  short  answer  to  my  paper  (Gxol.  Mag.,  1870,  Vol. 
Vll.,  p.  116),  although  Mr.  Blanford  says  he  difiers  fh)m  me  in 
opinion,  it  is  very  gratifying  to  me  to  find  that  there  is  far  more 
agreement  than  disagreement  between  us  upon  the  fundamental 
points  at  issue.  Firstly,  Mr.  Blanford  seems  to  grant  that  dips  are 
unreliable  as  proofs  of  fa.^lting.  This  admission  might  have 
removed  the  surprise  expressed  that  my  objections  had  not  been 
answered,  for  all  the  special  instances  I  impugned  were  of  this 
nature.  No  one  can  doubt  that  faulting  is  attended  by  more  or  less 
bending  of  the  strata,  and  such  as,  if  strictly  analyzable,  would  give 
a  correct  account  of  the  mechanical  action ;  but  it  can  no  longer  be 
matter  of  opinion  that  dips  of  every  form  and  degree  are  produced 
at  the  contact  of  rocks  without  any  attendant  faulting ;  and  there  is 
no  mode  of  discriminating  the  causes  in  the  efiects.  In  this  diffi- 
culty the  importance  of  the  direct  evidence  of  the  contact  is  not,  I 
venture  to  maintain,  to  be  underrated.  Mr.  Blanford's  limitation  of 
possible  error  from  this  source  to  small  and  unimportant  cases  is 
based  upon  the  independent  evidence  (of  straightness)  which  he 
conceives  always  to  attend  great  faulting;  on  any  other  grounds  this 
restriction  could  not  be  made,  for  the  simulation  of  disturbance  takes 
place  on  every  scale,  as,  for  instance,  in  the  examples  I  brought 
forwflord  from  the  Sub-Himalaya  and  the  Garo  Hills,  where  the 
throw,  on  the  supposition  of  faulting,  would  amount  to  many  hun- 
dreds, or  even  thousands,  of  feet 

On  another  most  important  point,  that  of  the  direct  evidence,  Mr. 
Blanford  gives  mo  all  the  satisfaction  I  could  have  expected.  He 
says,  indeed,  that  he  has  not,  as  a  rule,  noticed  signs  of  friction  in 
sections  of  undoubted  faults  in  mines  or  clifis ;  but  it  is  not  stated 
that  he  had  looked  for  them ;  and  as  ho  now  only  endeavours  to 
show  cause  for  the  removal  of  such  marks,  it  may  perhaps  be  inferred 
that  there  is  a  presumption  of  their  having  been  always  to  some 
extent  produced  originally.  That  this  evidence  varies  greatly  in 
degree  is  certain  :  thus,  Mr.  Mammat  in  his  ''  Geological  facts  to 
elucidate  the  Ashby  Goal-field,"  in  describing  the  characters  of  faults, 
saySy  ''The  two  sides  of  the  fault  are  generally  so  crushed  in.  %\iY^\s^ 
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as  to  resemble  a  minor;  and  for  the  most  part  the  apaoe  between 
the  sides  consists  of  coal,  stone,  and  day,  ground  to  powder."  That 
great  &ulting  can  take  place  without  scoring  it  is  dimcolt  to  imagine. 
It  was  only  in  support  of  this  point  that  I  alluded  to  glacial  scratch- 
ings ;  being  quite  aware  of  the  wide  diffarenoes  between  the  two  cases. 
Thus  Mr.  Blanford's  first  objection  to  the  comparison  is  rathei 
irrelcYant  to  any  point  at  issue,  as  it  only  accounts  in  the  usual  way 
for  the  scarceness  of  good  contact-sections — a  fact  of  which  I  ha^ 
had  most  wearying  experience.  The  second  objection,  showing  why 
sliokensides  should  be  Teiy  generally  destroyed  in  faults,  as  com- 
pared to  glacial  friction  sur&ces,  is  slightly  OTerdrawn :  some  of  the 
beet  glacud  scorings  I  have  ever  seen  were  on  ordinary  limestone^ 
that  had  been  exposed  to  the  various  modes  of  surface  or  snb-sui&os 
weathering  since  the  Glacial  epoch.  Nor  is  it»  I  think,  a  general 
opinion  that  the  action  of  deep  underground  percolation  is  more 
destructive  of  form  than  atmospheric  agents ;  it  is  on  the  oontraiy 
often  eminently  preservative,  by  substituting  hard  pseudomorphs  of 
what  may  have  been  originally  in  a  very  perishable  condition. 

There  is,  however,  no  doubt  that  in  many  cases  very  strong  direct 
mechanical  evidence  of  faulting  has  been  preserved,  enough  (inde- 
pendently of  the  contrary  evidence  that  may  be  thus  elicited)  to 
require  some  notice  of  the  contact  in  every  case  of  an  asserted 
boundary  fault 

It  is  not,  I  think,  implied  in  my  paper  that  this  direct  evidenoe  ii 
the  only,  or  an  indispensable,  proof  for  faulting :  it  is  even  shown 
that  this  evidence  may  be  most  deceptive  as  to  the  amount  of  throw. 
I  thought  it  unnecessary  to  state  that  my  paper  had  reference  only 
to  the  si^ecial  point  of  contact-phenomena.  Tliere  are  several  other 
consideratioDS  connected  with  faulting  to  which  I  did  not  allude; 
among  them,  that  of  straightness,  upon  which  Mr.  Blanford  lays  so 
much  stress.  That  I  fully  recognize  the  importance  of  this  character 
is  sufficiently  shown  by  the  fact  that  I  have  mapped  and  described 
conditionally  as  groat  faults,  and  chiefly  on  tliis  evidenoe  of  straight- 
ness, several  features  in  the  Sub-Himalayan  rocks  (Mems.  GreoL  Survey 
India,  vol.  iii.,  p.  134,  etc.).  I  should  still  prefer  to  reserve  the  word 
direct  for  the  character  of  the  contact :  it  is  incomparably  the  sim- 
plest, the  most  self-evident,  and  the  least  ambiguous;  the  appearance 
described  in  the  passage  I  have  quoted  could  only  be  product  hy 
faulting.  There  is  no  other  kind  of  evidence  of  which  such  an 
exclusive  statement  could  be  made ;  no  one  would  affirm  that  s 
sharply  curved  or  a  zig-zag  fault  is  impossible — it  is  a  question  of 
form,  in  which  many  conditions  are  involved.  On  the  other  hand,  I 
believe  that  Mr.  Blanford  has  overstated  the  case  against  the  occnr- 
rence  of  straightness  in  orographical  features ;  and  that,  therefore, 
this  character  of  straightness,  as  well  as  that  of  dips,  is  liable  to  be 
simulated  in  natural  boundaries.     As  an  instance,  I  may  quote  from 

^  Hard  Carboniferous  Limestone  snrfaces  may  frequently  be  seen  in  the  North  «f 
England  and  in  Scotland ;  beautifully  glaciated,  but  the  elaciated  surface  has  usaiilf 
been  protected  by  a  coTering  of  drift  or  vegetable  soil.  We  should  doubt  their  pit' 
serration  on  soft  rock  if  exp^Nd  for  long  periods  to  the  weather.— £oit.  Gbol.  iLa 
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lir.  F.  B.  Mallet's  desoription  of  the  Vindhyan  rocks  (Mem.  €^L 
Survey  India,  voL  yiL,  p.  106)  ^  **  The  esoaipment  of  the  Eymon  ij^oige, 
which  faces  the  same  for  more  than  200  miles  between  Botasgarh 
and  Bilheri,  is  nearly  a  straight  line  for  the  entire  length  without 
any  indentation  except  the  carve  at  Bidjigarh."  Other  instances 
mi^ht  be  given,  though  of  less  extent,  from  the  Bajgir  and  Ghidaur 
hil^.  The  word  straight  is  quite  as  strictly  applicable  here  as  to  the 
coal-measure  boundaries ;  but  it  is  right  to  note  that  the  latter  are  in 
gneissose  rocks.  In  steep  ranges,  formed  along  a  steady  strike, 
transverse  drainage-cuts  are  apt  to  be  few  and  narrow:  when  to 
such  considerations  we  add  from  the  other  side  the  broken  nature  of 
the  observations  upon  which  geological  boundaries  must  often  be 
mapped,  and  that  such  interruptions  and  concealments  would  be  most 
likely  to  coincide  with  original  indentations  of  the  boundary,  I  cer- 
tainly must  consider  it  a  safe  and  neoessaiy  principle,  rather  than  a 
fiedse  one,  to  require  some  reference  to  the  evidence  of  the  actual 
contact.  No  one  would  question  the  fsust  of  a  fault  if  he  believed 
the  feature  to  be  in  fact  as  straight  as  it  appears  when  drawn  with  a 
ruler  on  a  geological  map.  But  every  field  geologist  knows  how 
rarely  it  is  possible  really  to  vouch  for  this,  so  that,  unless  corrobor- 
ative evidence  is  given  for  a  fault,  it  is  difficult  for  any  one  who 
understands  the  possibilities  of  error,  to  accept  the  feature  as  demon- 
strated. I  cannot  but  feel  that  on  the  principle  here  advocated  my 
colleague  and  I  are  really  at  one. 

In  objecting  to  my  example  from  the  Garo  Hills,  Mr.  Blanford 
again  slightly  departs  from  the  special  object  the  case  was  used  to 
illustrate,  viz.,  the  widely  different  inferences  to  be  drawn  from  the 
partial  and  from  the  full  observations  of  that  single  section  ;  without 
the  examination  of  the  contact  at  that  spot,  the  practice  most  in  vogue 
amongst  geologists  would,  from  the  rest  of  the  evidence,  assume  a 
fault,  and  place  it  at  the  contact ;  whereas  the  contact-section  clearly 
proves  that  there  is  no  fault  there,  cmd  as  clearly  suggests  that  the 
great  relative  movement  took  place  by  flexure.  No  one  would  con- 
sider the  question  of  the  whole  boundary  finally  settled  upon  the 
evidence  of  a  single  section ;  nor  would  any  one  apply  the  evidence 
of  a  clear  contact-section  to  others,  unless  there  were  agreement  of 
the  more  general  and  easily  observed  features.  It  is,  on  the  other 
hand,  admissible  to  give  its  full  weight  to  all  the  evidence  in  hand ; 
and  it  would  be  an  unwarrantable  restriction  to  our  practical  rules 
not  to  admit  one  dear  section  as  a  clue  in  the  interpretation  of  several 
obscure  ones  of  the  same  general  feature.  The  evidence  of  straight- 
ness,  upon  which  Mr.  Blanford  would  still  introduce  a  master-fault 
here,  would  be  in  such  a  case  doubly  liable  to  error,  for  flexures  are 
by  their  nature  as  liable  to  the  law  of  straightness  as  faults  are. 
J^fessor  H.  D.  Bogers,  who  paid  so  much  attention  to  the  details  of 
stratigraphy,  went  so  far  as  to  say  that  all  faults  are  upon  broken 
flexures.  And  it  must  be  noted  that  the  natural  boundary  exposed 
by  the  flexure  in  question  is  a  floor,  not  an  edge,  of  deposition ;  and 
may  be  a  *'  plane  of  marine  denudation,"  thus  escaping  from  the  veto 
Mr.  Blanfonl  would  place  upon  straight  natural  boundaries.    A  de- 
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aoription  of  my  obseryations  in  the  Gaio  and  Eluuna  BSUm  has  latdy 
been  published  (Mem.  QeoL  Survey  India,  voL  viL»  pt  1),  and  it  may 
be  noticed  what  oonfirmation  the  view  talcen  of  the  Gaio  aection  re- 
oeivea  from  the  observationBof  thesainefeatazeintheEhaBiadiBtricti 
where  many  dear  sections  are  exposed,  exhibiting  eontinnonsly  the 
great  flexure  of  the  strata  from  the  high  level  of  the  plateaa  to  the 
very  base  of  the  range  (compare  sections  on  pp.  154  and  193). 

There  is  another  important  stratigraphioal  oharaoter  affecting  indi* 
recUy,  but  in  a  very  marked  manner,  the  question  of  faulting.  Moat 
of  us  receive  our  first  impressions  of  stratigraphy  from  diagrams  and 
models,  and  it  need  not  be  argaed  how  tenacious  first  impressionB 
are.  The  type  thus  implanted  might  be  called  the  sandwich,  or  the 
bread  and  butter  type  of  stratification ;  and,  however  correct  it  may 
be  for  the  very  small  sections  in  which  it  is  exhibited,  it  becomes,  as 
generalized  by  the  green  mind,  a  serious  misrepresentation  of  nature. 
Thus  from  such  surface  indications  as  those  given  in  the  figure  (see 
Woodcut),  the  unchecked  bread-and-butter  principle  would  at  onoe 
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To  illoBtrtte  the  ease  of  an  tummfd  faolt,  nhen  only  a  natural  boundary  (A)  exists. 

(A.B.C.  aasomed  Fault). 

suggest  a  fault  at  (A.)  the  right-hand  boundary.  If  there  were  any 
apparently  Buggestive  circumstances,  such  as  an  obscure  junction,  or 
comparative  straightness  of  the  boundary,  there  would  be  no  escaping 
the  inference,  and  the  full  section  given  would  be  that  represented 
by  the  broken  linos  of  the  figure  (A.B.C.)  ;  whereas  a  stricter  ex- 
amination of  the  evidence  might  reduce  the  features  to  the  more 
natural  cast  represented  by  the  curved  dotted  lines.  If  such  a  mis- 
take could  occur  in  this  simplest  condition  of  the  case,  what  are  not 
the  risks  of  error  when  the  compression  has  been  veiy  great  ?  As  I 
have  already  got  into  sufficiently  hot  water  in  search  of  examples, 
I  must  leave  the  reader  to  cater  for  himself. 

The  word  system,  as  applied  to  features  of  direction  in  stratigraphy, 
will  recall  pre-eminently  to  every  geologist  the  illustrious  name  of 
Do  Beaumont.  It  seems  at  first  sight  strange  that  an  important 
theory — so  elaborately  worked  out,  brought  forward  with  the  re- 
quired circumstances  of  an  inductive  discovery,  steadily  maintained 
by  aojoiiiplisbed  (although  perhaps  prejudiced)  authorities,  with  a 
fair  display  of  accruing  verifications  (see  "  Bap|)ort  sur  les  Progres 
de  la  Stratigraphie,"  par  M.  L.  £.  do  Beaumont  Paris,  1869),— 
should  not  have  received  adequate  examination  at  the  hands  of  some 
competent  critic,  by  a  full  and  impartial  comparison  with  reliable 
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obaervatioiis.  There  are,  no  doubt,  self-eYident  objections  to  the 
theory  ae  it  stondsy  snch  as  the  repeated  recarrence  of  disturbance 
along  the  same  lines  of  fissure  at  remote  intervals  of  time ;  or,  the 
production  of  intersecting  fissures  by  one  and  the  same  force. 
There  is  even  room  for  ridicule  in  the  paternal  weakness  with  which 
almost  irrelevant  phenomena  are  attempted  to  be  affiliated  and  en- 
tangled in  the  cords  of  the  riseau  pentagonal  by  its  venerable  author. 
But  such  critique  de  tendenee  may  be  left  to  those  who  have  only 
words  to  discuss ;  what  is  wanted  is  to  know  how  much  truth  there 
is  in  this  great  idea — ^whether  in  geological  or  in  primitive  times  (for 
men  are  returning  to  a  belief  in  a  primitive  earth),  great  phenomena 
of  disturbance  were  subjected  to  any  recognizable  law  of  form  ;  and 
whether  in  order  of  succession  these  resulted  in  any  symmetry  of 
distribution,  pentagonal  or  otherwise.  It  may  indeed  be  tiiat  the  very 
complexity  and  elasticity  of  this  system,  admitting  perhaps  of  its 
being  framed  and  supported  by  a  plausible  amount  of  evidence, 
through  its  adaptability  to  almost  any  evidence,  should  present  a 
corresponding  difficulty  to  any  sufficient  refutation ;  so  that  we  may 
have  to  leave  it  to  time  to  settle  its  merits.  This  is  at  least  a  con- 
venient opinion  for  those  to  adopt  who  have  neither  the  power  nor 
the  opportunity  to  undertake  a  full  discussion  of  the  subject.  And 
it  is  no  small  consolation  for  such  humbler  workers  to  know  that 
the  intelligent  observation  of  rock-structure  in  the  field  is  the  most 
useful  way  of  contributing  to  the  solution  of  those  great  problems. 
It  was  in  this  sense  that  I  ventured,  in  my  former  paper  on  faults,  to 
give  warning  against  the  temptation  to  an  easily  secured  semblance  of 
finish  by  systematizing  structural  features  according  to  direction,  with- 
out a  due  preliminary  investigation  of  the  other  more  essential  characters 
— the  special  and  the  local  significance  of  the  things  so  classified. 

I  will  attempt  to  illustrate  the  meaning  and  force  of  my  remark 
by  a  brief  discussion  of  the  recent  endeavour,  on  the  part  of  a  dis- 
tinguished British  geologist,  to  give  an  independent  value  to 
the  element  of  direction.  Professor  Haughton*s  studies  on  joint- 
systems  and  their  mechanical  origin  (Phil.  Trans,  for  1858  and 
1864)  are  more  searching  than  the  wider  system  of  Do  Beaumont; 
they  take  up  details  of  structure  that  the  latter  author  apparently 
found  convenient  to  overlook.  The  speculations  are  based  upon  the 
discussion  of  a  large  collection  of  data,  and  are  altogether  most 
instructive ;  but  in  so  far  as  applicable  to  practice  they  seem  to  me 
vague  and  uncertain ;  by  which  I  mean  that  they  would  scarcely,  if 
at  all,  lighten  the  burthen  of  observation  to  be  undertaken  in  the 
investigation  of  a  new  field,  by  enabling  one  to  draw  any  safe 
inference  upon  the  more  easily  obtained  evidence. 

The  leading  facts  of  this  inquiry  have  long  been  familiar  to  ob- 
servers : — that  in  every  region  of  disturbance  certain  directions  of 
strike  are  predominant,  and  that  disturbances  are  of  different  ages. 
The  object  of  further  researches  has  been  to  ascertain  the  limits  of 
the  various  effects  of  disturbance,  and  to  discover  any  order  in  them, 
or  in  the  relations  of  the  general  systems  to  each  other. 

Professor  Haughton's  first  and  most  completely  worked  cxsv.m\>\$^ 

VOL.  Vn. — MO.  LXZYI.  ^\ 
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is  taken  from  the  patch  of  Old  Bed  Sandstone  on  the  coast  of  the 
coontj  of  Waterford.  The  rook  ooTors  an  oblong  area  of  about 
twenty-four  square  miles.  Its  most  conspicuous  Tariety  is  a  maBaive 
conglomerate,  some  200  feet  thick,  to  which,  for  the  eake  of  greater 
uniformity,  all  the  observations  were  confined.  Readings  were  taken 
of  the  becurings  of  345  well-marked  planes  of  fracture,  whether  joints 
or  cleaTage,  faulted  or  unfaulted.  When  those  readings  axe  plotted, 
as  in  the  accompanying  diagram,  no  case  being  omitted,  the  great 
majority  of  them  exhibit  a  marked  natural  arrangement,  not  omj  in 
single  groups  or  systems,  but  these  again  showing  a  distinct  distribu- 
tion in  pairs,  in  which  the  mean  directions  of  the  two  groups  are  at 
right-angles,  or  conjugate  to  each  other ;  forming  together  what  Dr. 
Haughton  calls  a  conjugate  system.  Two  such  double  systems  are 
conspicuously  prominent,  A  G,  and  A'  CK :  the  A  groups  lie  on 
either  side  of  north-east ;  and  the  G  groups  on  either  side  of  north- 
west. Traces  of  two  other  conjugate  systems,  A''  C,  A'''  C',  are 
discernible.  There  is,  of  course,  an  arbitrary  margin  in  the  demar- 
cation of  these  groups :  A  and  A^  have  each  a  range  of  25^,  while 
for  A^^^  there  is  only  a  space  of  12^  left  It  may  be  admissible  tbat  the 
range  of  effects  of  any  force  should  be  proportionate  to  the  intensity 
of  the  action ;  but  this  variability  would  be  a  grave  element  of  uncer- 
tainty when  the  systems  were  less  marked  thsm  in  the  case  before  us. 

The  planes  of  cleavage,  of  jointing,  and  of  &ulting,  are  separately 
noticed.  A  platey  or  flaggy  structure,  varying  from  a  quarter  to 
four  inches  in  thickness,  was  observed,  having  the  direction  of  the 
group  A,  sometimes  of  A' :  "  now  as  the  lines  of  greater  force  in  a 
system  of  elevated  beds  must  lie  in  the  vertical  plane,  or  nearly  so, 
which  contains  the  direction  of  the  dip  of  the  beds,  and  as  the  strike 
of  the  beds  is  intermediate  between  the  systems  A  and  A',  it  is 
evident  we  have  a  close  approximation  to  Sharpe*s  law,"  that  cleavage 
planes  are  at  right-angles  to  the  direction  of  the  greatest  force.  The 
aforesaid  platey  structure,  therefore,  represents  cleavage,  as  formed 
in  this  conglomerate ;  and  thus  a  key  was  obtained  "  to  the  explana- 
tion of  the  physical  stnicture  of  the  whole  district,"  the  direction  of 
the  main  forces  being  ascertained.  Dr.  Haughton  considers  a  more 
or  less  pliant  condition  necessary  to  the  production  of  cleavage ;  and 
that  the  force  which  produced  it  was  probably  the  first  that  acted 
upon  these  rocks. 

The  tnie  joint-planes  are  at  right  angles  to  those  of  cleavage ; 
and  it  is  a  characteristic  of  both  that  the  hard  pebbles  of  the  con- 
glomerate are  cut  clean  across  by  them.  In  the  case  of  the  cleavage 
planes  this  is  explained  by  the  development  of  a  latent  cleavage 
even  in  the  hard  pebbles.  The  jointing  is  supposed  by  Dr.  Haugh- 
ton to  have  been  produced  by  the  shrinking  of  tiie  consolidated  rock- 
mass,  consequent  upon  evaporation  and  drying,  the  planes  being 
determined  at  right-angles  to  the  lines  of  minimum  force  to  which 
the  rock  had  been  subjected,  and  therefore  conjugate  to  the  cleavage 
planes. 

There  are  other  planes  of  fracture  besides  those  of  cleavage  and 
of  jointing.     Of  tv/enty  cases  of  faulting,  nineteen  occurred  in  the 
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gioups  A  C,  A'  C  ;  and  one  in  C^.  Hie  chief  dislocationB  are  in 
the  gronps  C  and  A'.  "  If  we  had  no  other  evidence  of  the  physical 
stractme  of  the  ooi^;lomeFate  than  is  supplied  by  the  for^;oing 
systems  of  fiuilts,  we  should  be  entitled  to  oonelade  that  two  systems 
of  elevating  foroes  had  acted,  either  simoltaneoasly  or  in  succession." 
'*  The  jdanes  of  the  elevatii^  forces  were  probably  vertical  planes, 
nearly  in  the  azimaths  of  30°  west  of  north,  and  33^  north  of  west.** 
The  conjugate  system  A  C  was  principally  concerned  in  producing 
the  inner  or  latent  stmcture ;  whQe  the  system  A'  C  was  probably 
the  most  powerfuL  "  Both  weie  concerned  in  producing  the  eleva- 
tion of  the  beds,  which  have  an  average  strike  of  east  36^  north, 
and  an  average  dip  of  13^.42  south.  The  strike  of  the  beds  is  thus 
seen  to  be  intermediate  between  the  systems  A  and  A',  but  lying 
nearest  to  the  former,  which  I  conceive  to  have  acted  first  in  order 
of  lime."  ''From  the  discussion  of  the  planes  of  structure  not 
belonging  to  the  two  principal  conjugate  systems  of  the  district,  I 
fed  little  hesitation  in  coming  to  die  conclusion,  that  there  was  at 
least  one  more  system  of  forces  at  work  in  producing  the  final 
structure  of  the  Old  Bed  Sandstone  conglomerate :"  the  system  A" 
G"  is  represented  by  fourteen  observations  of  planes  having  a  mean 
strike  of  6^  south  of  east,  and  twelve  planes  bearing  o^  east  of 
north.  There  is  one  observation  of  a  bearing  east  lo^  north,  the 
solitary  representative  observed  of  the  bearing  conjugate  to  that  of 
C",  which  is  represented  by  six  readings  having  a  mean  strike  of 
north  15^  west.  '*  Although  it  is  a  single  observation,  I  believe  it 
afibrds  evidence  (although  not  strong)  of  the  probable  existence  in 
this  district  of  a  fourth  system  of  forces  having  acted  upon  the  con- 
^omerate  beds." 

The  foregoing  statements  illustrate,  in  the  author's  own  words, 
the  conclusions  he  draws  from  the  tabulation  of  his  observations. 
It  may  be  remarked  that  much  of  the  exactness,  especially  as 
regards  the  minor  systems,  may  be  due  to  the  arbitrary  selection 
of  the  range  of  the  single  groups ;  thus,  the  single  observation 
in  A!"  is  but  2^  removed  from  the  great  group  A  ;  and  three 
of  the  twelve  observations  in  C"  are  much  clos^  to  the  group  A' 
than  to  the  nearest  reading  in  G\  These  alterations  would,  how- 
ever, only  slightly  affect  the  striking  distinctness  and  correspondence 
of  the  two  principal  conjugate  systems.  But  the  chief  observation 
to  be  made,  with  reference  to  the  object  of  my  paper,  is  upon  the 
purely  abstract  nature  of  the  inferences  that  can  be  drawn  from  the 
systems,  as  such:  every  properly  geological  inference  (upon  the 
magnitude,  direction,  and  succession  of  the  phenomena)  is  based 
upon  independent  evidence — the  direction  of  upheaval  of  the  strata, 
the  throw  of  the  faults,  the  theory  of  cleavage  and  jointing.  The 
learned  author  of  the  paper  is  evidently  not  deceived  on  this  point, 
for  in  speaking  even  of  the  two  main  conjugate  systems  on  their 
own  merits  he  says  that  the  forces  which  produced  them  may  have 
acted  either  simultaneously  or  in  succession.  An  unguanled  reader 
might,  however,  suppose  that  four  "  systems  of  forces  "  represented 
by  four  conjugate  systems  of  fracture,  indicated  four  pervod&  o^  ^oAt- 


480  S.JB.Mediieott—(hIimlUm8lnaa. 

tmrbanoe,  instead  peihapa  of  four  main  oompoDeiita  of  one  g^ 
phenomenon  of  oompreasion* 

In  the  later  paper  (1864)  FtoL  Hang^ton  devdopa  hia  meehaninal 
▼iews  more  pieoiflely.  A  number  of  new  obaervatuma  are  tabnlaled 
£rom  four  looalitieB— Donegal,  the  Moume  Honntainay  Fwmanagh, 
and  GomwaU,  and  oompav^  with  thoae  firom  Waterfozd.  Ll  none 
of  the  new  r^^na,  except  pexfaapa  Cornwall,  ia  the  natural  gxooping 
of  the  readings  so  manifest  as  in  the  ezamnle  firom  Waterford;  bo  of 
ooorse  there  is  more  soope  for  arbitrary  seleetion;  whan  the  bearings 
range  ^iMy  dosely  firom  pde  to  pole,  the  formation  of  eosQVgii& 
systems  is  a  simple  prooess. 

Looking  indepenoently  at  the  Dom^al  obaenratioaa,  the  wosfc 
simple  eombinations  of  joints  are— -a  Primary  system  hairing  a  range 
of  20^,  and  a  mean  bearing  of  26^  north  of  east;  a  Conjugate  Primary 
having  a  range  of  20^,  and  a  mean  bearing  of  29^  west  of  north;  and 
a  Secondary  system  with  a  range  of  6^,  and  a  bearing  of  31^  east  of 
north.  The  latter  is  yery  nearly  the  bearing  of  the  A  syatem ;  and 
the  two  former  when  divided  yield  two,  oorreq[K>nding  very  doaely 
with  the  systems  A  and  C,  and  two  representing  the  systems  A!"  and 
C"\  The  Primaiy  Systems  of  Donegal  are  werefore  tabulated  as 
(A-A"),  (C-C"').  It  may  be  remarked  that  between  the  small 
groups  A  and  A  in  Donegal,  there  are  observations  diaregaided, 
although  well  within  the  range  of  the  oorresponding  systems  in 
Waterford,  and  which  if  included,  as  one  would  think  fhtey  should 
be,  would  make  the  agreement  much  less  remarkable  than  it  is  pro- 
nounced to  be. 

In  the  Moume  region  the  joints  are  still  more  equally  distributed 
from  pole  to  pole ;  but  six  systems,  each  with  a  range  of  only  10^, 
are  readily  told  off,  and  lettered  according  to  the  nearest  groups  of  the 
original  set,  many  observations  being  omitted. 

The  majority  of  the  observations  recorded  in  Fermanagh  are 
readily  included  in  five  systems ;  having  the  relation  of  Primary, 
Conjugate,  and  Secondary.  All  the  observations  in  Cornwall  are 
also  amenable  to  a  similar  order :  the  main  conjugate  system  oorre- 
sponding very  olosely  to  the  system  A  C  of  Waterford.* 

It  might  seem,  from  the  persistent  and  somewhat  forced  manner 
in  which  the  several  systems  are  throughout  ticketed  in  approximate 
correlation,  that  Professor  Haughton  attached  some  occult  meaning 
to  them,  analogous  to  that  pervading  the  De  Beaumont  theory  :  but 
such  is  not  the  case ;  the  absence  of  such  agreement,  except  in  the 
A  C  system  in  Waterford  and  Cornwall,  is  expressly  noticed.  The 
object  of  the  uniform  lettering  is  to  exhibit  the  data  upon  which  the 
learned  author  bases  his  theory  of  Primary,  Conjugate,  and  Secondary 
Joint-systems,  having  angular  relations  constant  within  narrow  limits 
of  variation.  Tables  xi.  and  xiL  of  tlie  paper  under  notice  exhibit 
these  limits  as  deduced  from  the  five  series  of  observations.  The 
slightly  elastic  method  of  selection  of  the  several  systems  may  have 
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helped  to  the  ooinddeiiGeB  exhibited  by  the  figures  in  those  Tables ; 
but  on  the  whole  they  fairlj  support  the  interpretations  put  upon  them. 

The  abstract  statement  of  the  theory  is  very  intelligible :  when  a 
force  acts  transversely  upon  a  stratified  mass,  it  tends  (by  incipient 
folding  or  by  cleavage)  to  produce  fissures  at  right-angles  to  its 
direction;  this  is  the  system  which  (when  discernible)  would  be 
called  Primary.  When  a  force  again  acts  upon  the  mass  thus  fis- 
sured its  effect  will  vary:  if  the  compcment  perpendicular  to  the 
Primaiy  fissures  predominates  (a  continuation  of  the  first  force 
would  be  altogether  so),  the  first  tendency  will  be  to  form  cracks  at 
right-angles  to  the  first  set,  and  to  be  called  the  Primaiy-Gonjugate 
system.  A  continuance  of  this  force,  or  a  force  having  a  predomi- 
nant component  parallel  to  the  Primary  fissures,  will  tend  to  produce 
fissures  having  angles  with  those  systems,  respectively  dependent 
upon  the  coefficient  of  friction  of  the  rock  }  thus  forming  what  Dr. 
Haughton  calls  Secondary  systems,  oblique  to  the  direction  of  the 
force ;  and  which  are  in  turn  conjugate  to  each  other. 

Upon  applying  the  known  coefficients  of  friction  of  various  rocks 
to  the  construction  just  stated,  the  range  of  variation  of  the  angles 
is  found  to  agree  with  that  derived  from  observations  between  the 
several  conjugate  systems.  Thus  Professor  Haughton  has  achieved 
a  demonstration  that  rocks  in  undergoing  fracture  in  the  earth's 
crust  are  subjected  to  mechanictd  laws.  "  From  this  it  follows  that 
a  single  hypothesis  as  to  the  direction  of  a  system  of  forces  is  suffi- 
cient to  account  for  the  existence  of  these  conjugate  systems  of  joints, 
involving  six  directions,  and  it  also  explains  the  rudely  hexagonal 
jointing  of  many  rocks,  if  the  coefficient  of  friction  be  such  as  to 
render  the  angle  0  nearly  30*^."  It  is  not  clear  to  me  how  the 
original  force,  normal  to  A,  can  produce  the  conjugates  to  its  two 
Secondary  fissure-planes ;  but  let  that  pass.^ 

In  thus  introducing  an  intelligible  principle  of  order  into  a  chaotic 
subject.  Prof.  Haughton  has  conferred  a  great  boon  upon  field-geolo- 
gists ;  but  I  fail  to  perceive  the  independent  practical  importance  the 
author  would  attach  to  it.  He  concludes  with  this  remark: — 
**  Many  other  consequences  flow  from  the  preceding  investigations, 
into  which  I  have  not  time  to  enter,  but  which  may  be  readily  found 
and  turned  to  practical  use  by  the  field- geologist  who  prefers  one 
hypothesis  to  many."  While  paying  field-geologists  the  compliment 
of  supposing  them  as  clear-sighted  as  himself.  Prof.  Haughton  rather 
passes  a  slur  upon  their  pursuit,  by  suggesting  that  their  judgments 
are  for  the  most  part  an  arbitrary  decision  between  hypotheses.  The 
notion  indicates  apprc^riately  the  geological  barrenness  of  the 
theory.  These  systems,  manipulate  them  how  we  may,  give  one  a 
very  minimum  of  information  upon  the  rocks.  Because  a  conjugated 
system  of  fracture  may  have  been  formed  by  one  and  the  same  force, 
it  does  not  at  all  follow  in  any  particular  case  that  they  were  so 

^  The  ponibili^  of  widely  ducordant  Bystems  of  fissures  being  produced  by  one  and 
the  same  act  of  custnrbance,  as  proved  by  Professor  Han^hton,  seems  completely  to 
stultify  such  attempts  as  that  of  M.  Moissenet  to  identi^  the  fissures  of  a  single 
locality  with  many  distinct  systems  of  the  Roseau  PentagonaL  ^ 
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formed ;  and  it  wovld  be  rash  in  the  extreme  to  oome  to  any  oondn- 
■ion  on  tike  point  wi'Uiout  a  doee  eeardi  for  ctollatezal  evidence. 
Prof.  Hangliton  has  Mmself  oomgeoody  giTen  «b  an  example  of 
how  to  work  his  system  indepradentily,  and  to  apply  his  nde  of  pre- 
ferring one  hypothesiB  to  many.  In  a  reoent  pi^wr  (Jonm.  Boyal 
GeoL  Soo.,  Ireland,  toL  iL,  p.  168, 1868-9)  he  takes  up  die  lines 
of  elevation  desoribed  by  Mr.  Holl  in  the  OaxbonifiBioas  zooks  of 
Lanoashire  (Quart  Joom.  GeoL  Boa  Lond.,  April,  1868)  aa  forming  a 
simple  illustration  of  his  system  of  Primary  Conjugate  and  Beoondazy 
joints — **  an  easy  oonsequenoe  of  the  same  qnrtem  of  foxoes  aotiDg 
upon  that  distriot^  and  hj  no  means  neoessitatine  the  hypotheria  of 
dutinct  sets  of  forces  for  eaeh  mtem  of  fomts  or  axes."  Tlie 
system  of  forces  ihat  produced  the  Lancashire  axes  aoted  in  a  north 
and  soutii  direction,  causing  first  the  Pendle  er  Primary  axis  of 
eleyation  ;  secondly,  the  Pennine,  or  conjugate  axis  of  olevation; 
and,  lastly,  the  Hnes  of  fracture  or  Post-jurassic  system  of  jointi. 
Thus  the  observed  geological  order  of  occurrence  of  these  systems, 
determined  by  Mr.  Hull,  coincides  with  the  order  iliat  might  have 
been  predicted  from  the  action  of  mechanical  forces." 

Now,  a  brief  reference  to  another  paper  of  Mr.  Hull's  (Quart  Joom. 
GeoL  Soc.,  Lond.,  1864,  vol.  xx.,  p.  242,)  describing  the  Pennine 
range,  will  show  that  the  north  and  south  joints  m  that  range 
are  only  subordinate  features  in  a  great  system  of  flexure,  which 
would,  according  to  the  universal  practice  of  geologists,  and  accord- 
ing to  the  rule  used  by  Professor  Haughton  himself  in  his  paper  on 
Waterford,  be  referred  to  the  action  of  cm  east  and  west  system  of 
forces,  and  perfectly  inexplicable  by  a  north  and  south  force. 

I  can  only  repeat  my  caution  against  the  too  rational  as  .well  as 
against  the  irrational  use  of  systejM. 

While  thus  freely  criticizing  Dr.  Haughton's  work,  I  do  so  with 
misgivings.  My  respect  for  his  intellect  and  for  the  powerful  in- 
strument he  is  master  of,  is  so  great,  that  I  am  quite  prepared  to  be 
demonstrated  in  error.  However,  having  studied  his  papers  wi&  all 
the  light  that  is  in  me,  I  feel  pretty  sure  that  a  large  migority  of 
geologists  would  take  the  view  I  have  taken ;  and  I  un  willing  to  be 
victimized,  that  we  may  all  leam.^ 

11,  Hastutos  Strsbt,  Calcutta,  30  /n/y,  1870. 


1  In  Mr.  Medlicott*B  former  article  on  "  Faults  in  Strtfta,"  the  following  errata 


read 

<line 

-dele 

line 

foot,  for  'run*  read  teen;  same  page,  line  6  from  foot  of  paffe,  for  ''tfeir*  read  tAm. 

In  justice  to  the  *  Reader,*  we  beg  to  explain  that  the  Au^or's  MS.  of  this  article 

(in  1869)  was  in  a  handwriting  exceedingly  difficult  to  read.    It  is  always  desiraUt 

that  illegible  articles  should  be  recopied  before  they  are  sent  to  the  printer,  as  it  sates 

numerous  errors.    This  is  especially  the  case  where  the  author,  mmi  his  residence 

sbroad,  is  unable  to  read  and  correct  his  own  proof  sheets.— £dit  GaoL.  Mao. 
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I. — Geolooigal  Subvby  of  Ibxland. 

Ezplanatioii  to  accompany  Sheet  96  of  the  Map  of  the  Geological  Surrey  of 
Ireland,  including  the  countiy  around  Headford  and  Oughterard,  iUustrating  parts  of 
the  counties  of  Qalway  and  Mayo.  By  G.  H.  Kinahan,  and  J.  Nolan,  1870. 
8to.  pp.  71. 

r£  authors  first  draw  attention  to  the  Physical  Geography  of 
the  area.  A  considerable  portion  of  it  is  occupied  by  Lough 
Oorrib,  the  second  largest  sheet  of  firesh-water  in  Ireland.  This  is 
only  twenty  feet  above  the  mean  sea-level  in  Galway  Bay.  The 
southern  portion  of  Lough  Mask  enters  the  map  at  the  north-west, 
its  surface  is  thirty-six  feet  higher  than  that  of  Lough  Corrib,  into 
which  it  flows  by  subterranean  passages.  The  ''rock  basins"  in 
which  these  lakes  lie,  present  appearances  which  suggest  their  having 
been  excavated  at  the  same  time,  and  by  similar  denuding  agents.^ 

The  area  is  in  general  hilly,  the  highest  point,  Benlevy,  reaches 
1,370  feet.  The  rivers  in  the  low  country  east  of  the  lakes  were 
formerly,  for  a  great  part,  subterranean,  but  some  years  since  arti- 
ficial cuts  were  opened  that  now  carry  off  the  greater  part  of  the 
drainage,  although  in  no  case  has  the  water  ceased  to  flow  in  the 
subterranean  channels. 

The  formations  noticed  in  the  area  under  consideration  consist  of : — 

Alluvium,  Bog,  and  other  superficial  coverings. 

Drift  or  Glacial  deposits. 

Carboniferous  Limestone. 

Carboniferous  Sandstone. 

Upper  Llandovery. 
Igneous  and  metamorphic  rocks  are  also  met  with.     The  former 
include  Greenstone,    Hornblende    rock,    Felstono,    and    intrusive 
Granite ;  the  latter  comprise  Quartzites,  Gneiss,  Crysteilline  Lime- 
stone, Schist,  and  Serpentine. 

The  authors'  give  a  brief  general  description  of  the  rocks,  and 
then  proceed  to  describe  in  detail  the  geological  structure  of  the 
country,  dividing  it  for  convenience  into  four  districts,  namely,  the 
Oughterard  district,  the  Headford  and  Cong  district,  the  island  in 
Lough  Corrib,  and  the  Benley  cmd  Kilbride  district  The  drift  and 
other  superficial  deposits  are  noticed  in  a  separate  section,  and  after 
them  the  Mines  and  Mineral  Localities. 

The  Irish  Granite  has  been  divided  by  the  Bev.  Prof.  Haughton 
into  two  distinct  classes — intrusive  and  non-intrusive.  All  the 
granite  in  this  area  seems  to  be  intrusive,  it  is  termed  the  ''  Oughter- 
ard Granite,"  from  its  being  so  largely  developed  in  the  neighbour- 
hood of  that  town.  Its  usued  constituents  are  quartz,  orthoclase, 
white  cmd  black  mica,  cmd  frequently  iron-pyrites.  It  is  occasionally 
traversed  by  mineral  lodes,  particuleu-ly  lead  lodes. 

1  See  paper  by  6.  H.  Kinahan  "  On  the  Formation  of  the  *•  Rock-basin '  of  Longh 
Corrib,"  Gbolooical  Maoazinb,  Vol.  III.,  1866,  p.  489. 

>  The  parts  AimiBhed  by  both  anthon  are  specified  in  the  *  £x^\»aA.\^wi:    *T^^ 
country  was  surreyed  chieflj  by  Mr.  Kinahan. 
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Attention  is  directed  to  the  foliation  of  the  xnetamorphio  seffi- 
mcntary  rock?,  which  seems  to  have  been  predisposed  to  follow  the 
most  marked  structure  in  the  original  rooks.  Simple  or  paiallei 
lamination,  apparently,  was  the  principal  stntctore  of  the  ancient 
rocks  of  the  district,  so  generally  the  foliation  is  parallel  to  tlie 
bedding.  Curled  or  spheroidal  foliation  likewise  is  present,  which 
in  some  cases  seems  to  have  been  caused  by  the  original  rock  con- 
taining nodules.     Other  forms  of  foliation  are  pointed  out 

The  Silurian  rocks,  supposed  to  be  the  equivalents  of  the 
Llandovery  beds,  consist  of  green  and  grey  grits,  sandstones,  and 
shales,  many  of  which  are  fossiliferous ;  with,  near  the  base  of  the 
formation,  red  and  purple  shales,  sandstones,  and  conglomerates. 

The  Carboniferous  rocks  are  also  described,  and  their  fossils 
noticed,  in  the  account  of  the  districts  where  they  occur. 

Tlie  Drift-de|X)Bits  seem  to  belong  to  three  distinct  classes ;  the 
first  being  the  true  Boulder-clay,  a  slightly  sandy  clay,  in  which  are 
embedded  beautifully  polished,  scratched,  and  rounded  blocks  and 
fragments  of  rock ;  the  second,  Boulder,  or  Moraine-Drift,  consisting 
of  broken  and  sub-angular  fragments  and  blocks  of  local  rocks 
(rarely  polished),  mixed  with  sandy  clay;  and  the  third,  Esker- 
Drift,  or  ''  Post-Drift "  gravels  and  sands.  The  first  and  third  occur 
on  the  low  country  west  of  the  lakes,  and  the  last  seems  to  be  the 
Boulder-clay  washed  or  sifted,  as  it  is  found  merging  into  a  Bocky- 
drift,  or  half- washed  Boulder-clay,  cmd  from  that  into  the  Bould^- 
clay  itself.  The  second  occurs  principally  in  the  valleys,  or  on  the 
slopes  of  the  mountiiinous  district  A  similar  drift  in  Wales,  is 
supposed  by  Professor  Ramsay  to  have  been  formed  by  the  glaciers 
that  once  existed  in  its  mountain  valleys.  That  such  glaciers  did 
also  exist  hero  appears  probable,  as  will  be  seen  in  the  tablo  of  ice- 
striffi  given  in  this  *•  explanation." 

The  relations  between  the  form  of  the  ground  and  its  internal 
structure  are  alluded  to.  At  least  three  great  periods  of  disturbance 
and  denudation  are  considered  to  have  affected  the  country  from 
early  geologic  times  down  to  the  Glacial  epoch.  The  most  ancient 
of  these  was  that  which  affected  the  metamorphic  and  granitic  rocks, 
as  on  the  east  of  Benlevy  the  Silurian  rocks  were  deposited  in  places 
against  a  cliff  over  200  feet  in  height.  The  second  was  that  during 
which  a  great  part  of  the  Silurian  rocks  and  also  parts  of  the  older 
rocks  wore  carried  away.  The  third  period  of  denudation  was  that 
in  which  so  much  of  the  Carboniferous  rocks  was  excavated  and 
carried  away,  as  to  leave  the  features  of  the  country  to  a  great  extent 
as  it  is  now  found.  This  may  have  been  partly  due  to  marine  action, 
but  the  last  great  agent  at  work  would  seem  to  have  been  ice,  as  all 
the  rock-surfaces  which  are  protected  from  the  **  meteoric  abrasion/* 
now  in  progress,  are  well  polished,  planed,  and  striated  ;  moreover 
on  the  exposed  surface  of  the  country,  the  authors  have  noted  the 
rounded  flowing  outlines  which  are  now  universally  recognized  as 
the  result  of  ice-ageucy.  Since  the  ice  has  disappeared  the  existing 
denuding  agencies  have  been,  and  are  daily,  at  work,  slowly  and 
gradually  changing  the  features  of  the  country.   Adjoining  tho  lakes, 
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thej  remark,  the  weathering  seems  to  be  mach  more  rapid  than  else- 
where. They  mention  that  on  the  granite  near  Oughterard  the  de- 
cay, since  the  Glacial  period,  appears  to  be  from  half  to  one  and 
a  half  inch,  judging  from  the  height  the  on  weathered  veins,  traversing 
the  granite,  stand  up  above  the  mass  of  the  rock. 

The  authors  ^ve  an  account  of  the  Mines,  more  particularly  those 
of  Glan,  Oughterard,  and  Glengowla ;  they  also  mention  Ihe  ores 
obtained  from  them. 

The  '^  Explanation"  is  illustrated  with  several  woodcuts,  and  it 
has  moreover  the  advantage  of  a  good  index. 


n. — ^Ths  Carboniferous  Formation  of  Scotland. 

AT  the  Meeting  of  the  North  of  Englcmd  Institute  of  Mining  and 
Mechanical  Engineers,  held  at  Glasgow,  and  extending  over 
four  days,  August  9  to  12,  Mr.  James  Geikie,  District  Surveyor  of 
the  Geological  Survey  of  Scotland,  read  a  paper  on  the  Gkology  of 
the  Carboniferous  formation  of  Scotland.  The  author  described, 
first,  the  Calciferous  Sandstone  series,  which,  when  typically  de- 
veloped, consists  of  two  groups  of  strata,  the  lower  pointing  to  the 
prevalence  of  marine  conditions  during  the  deposition  of  the  Hed 
Sandstones  and  conglomerates,  and  the  upper  showing  that,  during 
its  accumulation,  marine  cmd  brackish  water  conditions  eJtemated 
with  the  occasional  appearance  of  land  surfaces.  Yolcanos  were 
somewhat  prevalent  during  the  deposition  of  both  groups.  Secondly, 
he  noticed  the  Carboniferous  Limestone  series,  consisting  of  a  lower 
group  indicating  marine  conditions  cmd  occasional  old  land  surfaces  ; 
a  middle  group  indicating  frequent  land  surfaces,  and  alternate 
brackish  water  cmd  marine  conditions ;  and  an  upper  group  pointing 
chiefly  to  marine  conditions,  with  occasional  brackish  water-deposits 
and  a  few  old  land  surfaces.  Both  submarine  and  subaerial  volca- 
nos  were  active  during  the  deposition  of  this  series.  Thirdly,  he 
drew  attention  to  the  Millstone  Grit,  which  was  deposited  under 
almost  exclusively  marine  conditions.  Fourthly,  he  described  the 
Coal-measures,  which  show  a  prevalence  of  brackish  or  freshwater 
conditions,  with  abundant  land-surfaces,  and  with  evidence  also  of 
occasional  inroads  of  the  sea.  Mr.  Geikie  then  pointed  out  that  there 
were  intrusive  rocks  of  three  classes,  namely,  some  referable  to  the 
close  of  the  Coal-measures ;  bosses  or  pipes  of  tufif  or  agglomerate, 
probably  of  Permian  age ;  and  dykes  of  Dolerite  of  Miocene  Age. 
Two  systems  of  faults  of  different  ages  were  indicated,  the  older 
striking  north-east  and  south-west,  the  other  a  double-set,  striking 
approximately  east  cmd  west,  and  north  and  south.  In  conclusion 
Mr.  Geikie  referred  to  the  exceeding  richness  of  the  variety  shown 
by  the  phenomena  of  the  Scottish  Carboniferous  formation,  and  said 
he  had  no  hesitation  in  affirming  that,  when  the  palseontological  and 
geological  histories  of  these  rocks  was  thoroughly  worked  out  there 
would  be  prepared  one  of  the  most  important  chapters  in  the  physical 
histoiy  of  the  country. — Nature,  25th  August,  1870. 
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DiBTBIBUTION  OF  THB  GSFKILOPODA.  DT  SlLUBIAV  OoUaTHIlB. 

Bj  JOAOHIM  BUAAXDB. 

(Eztrait  da  8 jrt.  Siliir.  da  Omtra  de  la  BohAot.   ToL  IL  4iiw  aiiiflb  i^  361-460.) 

Pngoa,  1870.    8to.  pp.  480. 

W'E  have  already  directed  the  attention  of  our  readezs  to  IL 
Barrande's  ^eat  work  on  the  Cephalopoda  of  Bohemia.  (See 
Gbol.  Mao.  1866,  YoL  IH,  p.  32,  and  1867,  YoL  lY.,  n.  322.)  Lot 
the  present  Tolmne  IL  Bairande  has  prepared,  wiui  the  most 
laborious  oare,  a  summary  of  the  whole  of  die  vast  array  of  &ctB 
and  details  relating  to  the  geographioal  and  geological  range  of  the 
Cephalopoda  in  Silurian  countries,  and  presents  us  with  his  de- 
ductions therefrom. 

M.  Barrande  excuses  himself  for  the  space  which  he  has  occupied 
in  the  consideration  of  the  Cephalopoda,  by  showing  how  vast  was 
their  geographical  range  in  Silurian  times,  and  also  because  they  re- 
presented (if  we  except  the  scanty  remains  of  fishes  in  the  older 
palsozoic  TOokB)  almost  the  highest  class  of  Uving  organisms.  In 
the  earlier  Silurian  stages  (Fauna  11.  of  Barrande),  the  Cephal<$poda 
were  certainly  the  dominant  class,  and  it  was  only  towards  the  dose 
of  that  great  series  of  deposits  that  their  reign  was  disputed  by  the 
earliest  Fishes  and  the  great  larval-like  Crustaceans  of  the  genera 
Pterygotus  and  Eurypterus. 

Upon  the  question  of  the  comparative  strength  of  the  two  classes, 
the  MoUusca  and  Crustacea,  when  tested  by  the  relative  fecundity  of 
the  two  groups,  M.  Barrande  seems  disposed  to  divide  the  palm 
between  the  Cephalopoda  and  the  Trilobita,  which  appear  to  have 
been  equally  innumerable. 

But  in  organization  and  in  relative  age,  the  Trilobita  are  pre- 
eminent. For  in  the  Primordial  zone  (Fauna  I.  of  Barrande),  they 
represent  nearly  the  entire  fauna,  whilst  not  a  trace  of  the  Cephalo- 
poda has  as  yet  been  met  with  in  these  earliest  stratified  rocks. 

In  the  Upper  Silurian  stages,  the  abimdanoe  of  the  Cephalopoda 
would  lead  one  to  expect  that  they  would  have  been  discovered  in 
the  Primordial  rocks,  but  such  is  not  the  case  at  present,  and  it 
would  appear  that  the  Trilobita  were  really  called  into  existence  ages 
before  &e  Cephalopoda.  It  is  but  reasonable,  however,  to  assume 
that  a  great  break  in  time  exists  between  the  Primordial  Silurian  and 
the  Tremadoc  rocks  in  which  the  Cephalopoda  first  appeared.  Whai 
the  relative  numbers  of  the  two  great  groups  are  compared,  the 
difference  is  but  very  small,  thus : — 

Total  number  of  Trilobita,        1677      ( ^}^^^'^  *1^«  ^^ri^^or- 

^  (    dial  zone. 

Total  nnmb«  of  Cephalopoda,  1622      j^SsSuS^LSJ 
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So  tliat,  asgaming  there  may  be  55  species  of  Trilobitos  found  in  the 
Primordial  zone  in  the  reet  of  the  Silurian  Beries,  the  hosts  of  the 
Cephalopoda  equal  those  of  the  Trilohita. 

In  the  first  appearance  of  tho  Cephalopoda,  it  is  interesting  to 
notice  that  the;  are  met  with  not  only  in  widely  separated  geogra* 
phical  positions,  bnt  also  in  great  generic  and  speoifio  variety. 

The  total  number  of  types  in  this  class  ia  25,  and  of  these  12 
make  their  appearance  in  the  earliest  stage  of  their  incoming.  (See 
the  following  table.) 

The  subjoined  Diagram  represents  the  extension  of  the  prinoipal 
generic  types  of  the  order  of  the  Cephalopoda  which  appeared  daring 
the  Silurian  period.* 
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Of  the  Secondary  or  local  types  one,  Baetritei,  ranges  from  the 
Silurian  (II.)  to  the  Devonian.  Five,  Piloeerat,  Bathmoeerat,  Cono- 
eerat,  Qonioeerat,  Diieocerat,  occur  only  in  the  lower  stages  of  Fauna 
(II.).  Ophidoeerat  occurs  in  the  Llandeilo  and  Wenlock  stages. 
Ti'ttoeeras  occurs  in  the  Llandovery  and  in  the  Ludlow  stages.  Three, 
Suronia,  AphragmttM,  and  Qhuoteriu,  occur  only  in  the  Wenlock  and 
May  Hill  stage,  the  lowest  part  of  Fauna  (III.) ;  lastly,  three,  Eireo- 
e«rat,  Nothoteriu,  and  Ade^hoeerat,  occur  only  in  the  Uppermost 
Silurian  of  Fauna  (HI.) 

In  another  table  (too  large  to  be  reproduced  here),  M.  Barrande 
shows  the  first  appearance  of  the  types,  and  he  observes  that  in  each 
principal  region  compared,  there  is  a  very  great  diversity  both  in  the 
first  generio  appearance,  and  also  in  the  numbers  met  with.  Thus 
in  Canada  a  small  Orthoeereu  first  appears  at  the  base  of  the 
CalciferouB  sandstones ;  in  England  a  small  Cyrtoeera»  is  found  in 
the  Tremadoc  alat«s ;  in  BuBsia  eight  different  ^^s  are  met  with  in 
the  Orthoceras  limestone;  whilst  in  Bohemia  seven  types  appear 
together  in  Bande  <i  1  of  M.  Barrande  (or  Tremadoc  ?). 

M.  Barrande  divides  the  Cephalopoda  into  three  families,  the 
Gmtiatida,  the  NautHida,  and  the  Aicocvratida.  The  first  of  these 
>  Tokou  from  BuTande't  iroik.  (]i.  %W\. 
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iBolDdeB  Hha  gsnen  €htiMittt  and  Baelntta,  ttts  laafc  Atmtim, 
Aphrtgmitti  and  QteuBetrt,  Bozr.,  irtiilit  thft  JMilitf*  molndai 
twelve  geneos,  emloBoiiig  all  tiie  wietieB  of  fbnn  of  aheU,  firom  His 
■tra^U  OrthMtTM  to  a»  perfectly  ooUed  ifarffliit  and  3¥oAmm. 

13ie  nomber  of  epeoiea  derived  from  tbe  twelve  tjypes  of  NmMU* 
is  166,  npreeenting  about  one-thiid  of  tbe  178  forms  wludk  diano- 
terise  Fauna  IL  in  all  &e  SQnrian  oountriea. 

Tboa  at  tbe  ootset  of  tfaia  noap  we  find  it  largely  r  , 
botb  in  genera  and  speoiee.  About  Uuee-fiiurthe  of  the  165  ■[ 
mentifmed  above  are  firandt^lLBaiTande  tobeextnmelylooal;tiui 
would  aeem  to  orattndiot  the  idee  of  the  free  pdagio  haUto  of  tfaew 
molloBoa ;  there  may  have  been,  however,  other  impedimenta ;  fat 
the  world-wide  homogeneoos  oonditiomi  of  dimate  in  Silurian  timei, 
ia,  after  all,  only  an  assumption,  whilst. Land  barrien  may  have 
imposed  the  migration  of  marine  bunas,  even  mora  eSectually  than 
tbey  do  at  the  present  day. 

Hm  following  I^ble  cannot  &il  to  interest  English  palsontc4ogi>tft 
giving  as  it  does  a  sommary  of  tbe  British  CephdU>poda. 


— 

UI. 

- 

^ 

j 

Ehqijmd,  Scotujid, 

AMI  IkBUMD. 

li 

1 

If 

1 

ii 

Nonbeiof  [rpoiin»«htt.go,           1 

1    » 

i 

T 

1 

Cyrloetrai.  Qo\t 
sub.  gen.  Fiktma,  Salt. 
Orthsetrai,  Broyn. 
Biib.ge>i..SN<fo«nu,niLll. 
LilHUn,  Breyn. 

IW(^^  Billet. 

7V«A<wr«,  B.e. 

McoecTiu,  But. 

1   1 

2Z 

3 

16 
3 

i 

2 
IB 

19 
IP 

i 
i 

1 

L 

1» 
% 

ftl 
% 
% 

a 
a 
« 

1 

3 

66 
* 

AppearnriM  by  flUigcs.      [    ,    | 

I  !io 

87   21 

as 

80 

lU 

»3|MI 

ledDot. 
lell 

1 

diSereat  atagea  to  b« 

id        e                      12 
60                         45 

Fwmaa  to  be  dedDoled 

and  HI. 

10! 

ToUlnumbsrofdktiiirt 

Sritiil]  ipeciai... 

» 

I 

JRemews — Barrande*s  Silurian  Cephalopoda,  489 

We  should  take  care  to  mention  here  that  M.  Barrande  divides  his 
geographical  distribution  of  the  Cephalopoda  into  three  parts : — 
A.  Grand  Okntbal  Zonb  of  Eubopk,  which  includes  Bohemia, 
France,  Spain,  Portugal,  and  Sardinia.  B.  Grand  Northern  Zonk, 
subdivided  into  I.  Europe,  Great  Britain,  Norway,  Sweden,  Bussia, 
Thuringia,  Franconia,  Saxony,  Germany,  and  Holland.  IL  North 
America,  Newfoundland,  Acadia,  Canada,  New  Brunswick,  New 
York,  Wisconsin  and  Illinois,  Missouri  and  Tennessee.  C.  Divers 
Countries,  consisting  of  the  Himalayas  and  Tasmania. 

After  investigating  the  principal  phenomena  presented  by  the 
successive  evolution  of  the  Cephalopoda  in  the  vertical  series  of  the 
Silurian  deposits,  M.  Barrande  has  endeavoured  to  ascertain  how  far 
that  chronological  evolution  accorded  with  the  zoological  develop- 
ment of  the  group,  and  he  then  proceeds  to  draw  a  ps^^el  between 
the  two. 

This  concordance,  M.  Barrande  observes,  would  be  at  once  evident 
if  the  most  simple  forms  appeared  first,  and  the  most  complex  last, 
in  the  series  of  Silurian  rocks.  The  author  maintains,  however, 
that  such  is  not  the  case. 

Thus  the  most  simple  forms,  the  Ascoceratides,  do  not  appear  until 
the  close  of  the  second  fauna  in  Canada,  and  at  the  commencement 
of  the  third  fauna  in  Bohemia ;  whilst  forms  the  most  complex,  such 
as  Nautilus  and  Trochoeeras,  appear  at  the  beginning  of  the  second 
fauna  in  America,  so  that  it  would  seem  there  was  an  interval  of 
nearly  the  length  of  the  entire  series  of  deposits  forming  the 
second  fauna  of  Barrande,  before  the  appearance  of  the  simple 
forms,  during  the  whole  of  which  period  the  more  complex  forms 
had  existed. 

These  facts  the  author  considers  are  sufficient  to  show  that  there  is 
an  irreconcilable  discordance  between  the  chronologic  and  zoologic 
evolutions. 

M.  Barrande  considers  that  the  total  absence  of  Cephalopods  in  the 
Primordial  Silurian  strata  does  nof  permit  us  to  suppose  that  the 
earlier  types  were  developed  during  the  existence  of  a  hypothetical 
series  of  Anteprimordial  faunas  of  which  not  a  trace  remains. 

In  replying  to  M.  Barrande  upon  this  point  it  is  needful  to  be  most 
cautious,  for  this  reason,  that  he  has  gone  so  carefully  into  this  grand 
question  that  it  is  hardly  possible  to  find  a  flaw  in  the  conclusiveness 
of  his  reasoning.  We  would,  however,  venture  to  suggest  a  few 
points  deserving  his  attention. 

And  first  as  regards  the  regions  explored.  M.  Barrande  has 
probably  achieved  more,  stngle-hatided,  in  the  country  of  Bohemia, 
for  the  exploration  and  investigation  of  its  fossil  fauna,  than  has 
been  done  by  the  united  labours  of  many  men  for  any  other 
country  in  the  world.  The  result  speaks  most  eloquently  from 
the  pages  of  M.  Barrande*s  great  work.  In  the  Cephalopoda  which 
we  are  now  considering,  we  find  the  number  of  genera  and  species 
enumerated  from  Bohemia  alone  to  exceed  that  of  any  other  region 
in  the  world  hitherto  explored. 
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A  careful  examination  of  the  above  elaborately  worked  out 
statistics  of  this  group,  published  by  M.  Barrande,  will  show  that 
exactly  in  proportion  to  &e  labour  bestowed  so  is  the  result 

Thus  we  see  that  Barrande  in  Bohemia ;  Kjerulf  and  Angelin  in 
Norway  and  Sweden;  Strangways,  Murchison,  and  Schmidt  in 
Bussia;  Billings  and  Hall  in  America;  and  Sowerby,  Salter, 
Phillips,  Portlock,  M'Coy  and  other  palaaontologists  in  England, 
have  brought  up  the  genera  and  species  in  these  areas  to  the  high 
total  numbers  we  have  indicated,  and  we  may  assume  that,  given  an 
equally  large  number  of  ardent  and  earnest  palsdontologists  in  all 
the  o&er  Silurian  countries,  explored  and  unexplored,  we  might 
expect  equally  great  results. 

Taking  however  a  geologically  coloured  map  of  the  world,  and 
contrasting  the  relative  proportion  of  the  Silurian  areas  already  ex- 
plored with  the  vast  and  unexplored  r^ons  yet  remaining,  we 
cannot  but  conclude,  that  after  all,  M.  Barrande,  like  every  other 
ffeneralizer,  has  prepared  his  tables  and  based  his  results  on  the 
limited  information  we  at  present  possess,  and  we  may  therefore 
fairly  conclude  that,  however  carefully  prepared,  these  generalizations 
must  necessarily  be  very  imperfect  What,  for  instance,  do  we  yet 
know  of  the  Primordial  Silurian  forms  to  justify  us  in  assuming  that 
we  shall  not  find  Orthocerata  in  these  rocks  ? 

Nor  should  we,  as  zoologists,  forget  that  the  argument  derived 


Bqtaris  and  FroceeSngt.  491 

from  the  Mil  of  a  Molloak,  which  is,  after  all,  only  the  protective 
gheaUi,  and  not  the  animal  itaelf,  rests  on  very  uncertain  groonds. 

The  shells  of  the  PalsDozoic  Cephalopoda  may  in  some  instances 
have  been  internal,  and  in  others  external,  and  the  animals  to  which 
they  belonged  were  perhi^  widely  separated  zoologically.  Nor  is 
the  simplicity  or  complexity  of  the  shell  a  sure  proof  of  its  relative 
zoological  position.  The  many-chambered  shells  of  Spirula  and  the 
simple  sheU  of  Argonauta,  both  belong  to  the  Dibranchiata,  yet  how 
widely  different  in  structure.  Some  of  the  Palaeozoic  forms  of  shell, 
such  as  TVoehoeeras,  FhragmoeeraSy  Gampkoeerat,  A$cocera9,  etc.,  may 
have  been  the  internal  shells  of  early  Dibranchiates,  qui  Bait  f 

Taking  the  Cephalopoda  as  a  whole  (not  looking  at  Silurian  forms 
alone),  there  can  be  no  doubt  of  the  concordance  between  the  zoo- 
logical and  chronol(^ical  records.  For  the  later  and  higher  forms 
are  not  the  many-chambered  Tetrabranchiata  (represented  in  paheo- 
zoic  times  by  the  Orthoceratidie,  etc.,  and  at  the  present  day  by  the 
pearly  Nautilus),  but  the  active  intemal-Bhelled  Dibranchiata,  the 
Squids  and  Cuttlefishes,  whose  advent  takes  place  in  Neozoic  times, 
long  after  the  reign  of  Orthoceras  had  passed  away. 

In  venturing  thus  to  differ  from  so  illustrious  a  Pakeontologist  as 
M.  Barrande,  we  would  not  for  a  moment  have  it  inferred  that  we 
desire  in  the  least  to  disparage  his  grand  work  on  the  Cephalopoda 
of  Bohemia,  which,  with  his  labours  on  the  Trilobites  of  the  same 
country,  will  remain  the  most  lasting  monument  of  his  genius  and 
industry ;  but  we  merely  suggest  that*the  results  of  future  research 
may  induce  M.  Barrande  to  alter  his  views  on  the  question  of  evolution. 

H.W. 


The  Development  of  the  "Kino-Cbab,"  Limulus  poltposmus. 

Bj  A.  8.  Packard,  Jan.,  M.D.,  Salem,  Mass.,  U.S.A. 

[Bead  before  the  American  Anociation  for  the  Adrancement  of  Science.    Gommoni- 
cated  by  Prof.  C.  H.  Hitchcock,  State  Geologist  of  New  Hampshire]. 

The  following  were  the  chief  conclusions  of  the  Author : — 

THE  eggs  of  Limulus  are  laid  in  great  numbers  loose  in  the  sand, 
the  male  fertilizing  them  after  they  are  deposited.^  This  is  an 
exception  to  the  general  mode  of  oviposition  in  Crustacea ;  Squilla 
being  the  only  other  genus  in  which  the  eggs  are  not  borne  by  the 
female  until  maturity.' 

Besides  the  structureless  dense  irregularly  laminated  chorion 
there  is  an  inner  egg-membrane  composed  of  rudely  hexagonal  cells. 

^  In  the  higher  Cnutacea  the  eggs  appear  to  be  impregnated  by  the  male  before 
ihey  leave  the  oTaries. — Edit.  Gbol.  Mao. 

^^  Another  exception  \a  the  Land-Crab  of  the  West  Indies,  Oeearemus  rurieola^ 
which  ia  said  to  leave  its  home  in  the  highlands  of  Jamaica,  when  the  spawning 
season  arrives,  and  march  in  a  direct  line  towards  the  sea-shore  for  the  purpose  of 
depositing  their  eggs  in  the  sand,  the  joong  Gecareini  being  marine-dwellers  nntil 
they  have  undergone  their  larval  metamorphoses.  Professor  Bell,  in  bis  History  of 
the  '*  BritLBh  Stalk-eyed  Crustacea,"  p.  79,  says,  of  the  common  Shore-crab  (^Caretnu* 
MoBtuu)^  **  Like  most  of  the  Brachyora,  tfajs  spedes  buxies  itA  0^1%  vti  ^<^  «asAr 
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TtuM  memfanoie  inorMijng  in  stae  witb  tfae  gioniii  of  flie  embEJo^ 
the  ohorion  spUtiing  and  beins  thrown  off  during  the  lAttor  jMit 
of  the  embryonio  life.  Unlike  me  Onutaoeft  genenuly,  the  primiti^ 
band  Ib  confined  to  a  minnte  azeai  and  xeflta  on  the  top  of  the  jdSk 
as  in  the  Araohnida.  The  embiyo  is  hatched  as  a  Nafipttu$;  it  aheda 
its  Nav^iuB  skin  about  the  middle  of  the  period  of  ils  emfarjonic 
life,  ^is  Nat^ua  skin  ooETesponds  to  the  '^lanral  skin"  <rf  the 
the  Qerman  EmbiyologistB. 

Neither  does  the  embiyo  nor  the  larva  pass  through  any  metamor- 
phosis.^ T^e  larva  diffors  from  the  adult  in  possessing  a  less  nnm- 
ber  of  abdominal  feet  (gill-feet),  and  ia  having  only  a  reiy  rudi- 
mentary spine. 

Previous  to  hatching  it  strikingly  resembles  IVinudeua  and  other 
Trilobites,  suggesting  that  the  Trilobites  are  lower  than  the  JBpibs- 
wa,  and  that  the  two  groups  should,  on  embryonio  and  struotural 
grounds,  be  included  perhaps  in  one  order. 

The  inferior  position  of  the  Trilobite  is  also  seen  in  the  ovats 
body,  like  the  early  embryo  of  liimiiltM,  the  uniformity  of  the  limhs 
and  ^e  broad  sternal  groove  (described  by  Mr.  E.  BiUings)  and  the 
embryonic  abdomen. 

The  trilobate  character  of  the  body,  as  shown  in  the  prominent 
oardiac  region,  and  the  well- worked  (movable?)  abdominal  seg- 
ments of  the  embryo,  the  broad  sternal  groove,  the  position  and 
character  of  the  eyes  and  ocelli,  confirm  this  view. 

Now  that  Mr.  E.  Billings  has  demonstrated  that  Asaphus  pUU^- 
cephalus  possessed  eight  pairs  of  legs '  of  uniform  size,  the  Trilobites 
should  be  taken  out  of  the  neighbourhood  of  the  Phyllopods  and 
placed  at  least  next  to  Xipbosura. 

The  organization  and  habits  of  Limtdus  throw  much  light  on  the 
probable  anatomy  and  habits  of  Trilobites.  The  correspondence  of 
the  cardiac  region  in  the  two  groups  shows  that  their  heart  and  cir- 
culation were  veiy  similar,  lie  position  of  the  eyes  shows  that  the 
Trilobites  had  extraordinary  long  and  slender  optic  nerves,  and  a 
general  similarity  in  the  nervous  system.  The  reproductive  organs 
of  the  Trilobites  were  probably  very  similar  to  those  of  Limulua,  and 
the  eggs  were  doubtless  laid  in  the  sand  or  mud  and  fertilized  by 
the  male  after  their  deposition  by  the  female.  The  ova  probably 
filled  the  large  cephalophorax,  as  in  Limidus.  No  doubt  the  Tri- 
lobites possessed  powerful  muscles  (as  in  Limulus),  to  enable  them  to 
burrow  in  search  of  marine  worms,  etc.,  and  probably  the  alimentary 
canal  gizzard  and  immense  liver  were  likewise  foreshadowed  in  this 
early  prototype  of  Limulua^ 

1  This  seems  to  be  slightly  misleading,  since  Dr.  Paok&rd's  own  statement  speaks 
of  important  chan?ci<  taking  place  in  the  laryal  king-crab  before  it  amTca  at  the 
adult  condition.— Edit.  Obol.  Mao. 

»  See  Kcport  of  Mr.  E.  Billings's  paper,  "  Notes  on  some  Specimens  of  Lower 
Silurian  Trilobitos  "  (road  before  the  Geological  Society  of  London  May  lltL  1870) 
Gbol.  Mao.,  1870,  Vol.,  VII.,  June,  p.  291.  /      -i         ' 

'  See  also  an  excellent  article  on  **  The  Hone-foot  Crab,"  by  the  Rct.  S.  Lock- 
wood,  Ph.  1).  in  the  American  NaturtUUty  toI.  iT.,  No.  6,  for  July,  1870,  p.  267. 
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X. — OoVTBIBUnOMS   TO  BRITISH  FoSSIL  ObUSTAOEA. 

Bj  Hbmkt  WooDWAJtD,  F.G.S.,  F.Z.S.,  etc, 
of  the  British  Museum. 

(PLATE  XXII.) 

VEKY  few  deposits  oontaining  organic  remains  have  yielded 
^  more  beautiful  Fossil  Crustacea  than  our  London  olay  forma- 
tion. In  evidence  of  this,  one  has  only  to  turn  to  the  beautiful 
series  of  plates  which  illustrate  Professor  Bell's  Monograph,  pub- 
lished by  the  Palaeontographical  Society  (vol.  x.  1857),  illustrative 
of  15  genera  and  19  species  chiefly  from  the  London  area  and  the 
Isle  of  Sheppy. 

Among  the  specimens  which  have  lately  come  under  my  own 
notice,  is  a  beautifully  preserved  example  of  the  rare  genus  ScyUaridta 
of  Prof.  Bell,  of  which  a  single  species,  S,  Kocnigli,  has  been  already 
described  and  figured  by  that  gentleman.^ 

The  Crustacean  which  is  figured  on  Plate  XXIL,  Figs.  1,  2,  is 
much  smaller  than  S.  Koemgii,  and  when  perfect,  probably  did  not 
measure  more  than  two  and  a  quarter  inches  in  length,  and  not  quite 
an  inch  in  the  breadth  of  its  carapace ;  less,  in  fact,  than  half  the 
size  of  8,  Koenigii  ;  both  the  upper  and  under  surfaces  are  preserved 
in  a  very  good  state,  as  may  be  seen  by  referring  to  the  enlarged 
Figs,  la,  and  16,  in  our  Plate,  most  ably  drawn  by  Mr.  A.  T. 
Hollick. 

Having  carefully  compared  the  fossil,  both  with  the  original 
description  and  with  specimens  of  S,  Koenigii^  I  am  satisfied  of  its 
specific  distinctness ;  and  in  naming  it  I  beg  leave  to  pay  a  tribute  of 
respect  and  regard  to  my  friend,  Professor  Bell,  of  Selbome,  to 
whom  I  am  indebted  for  much  kindness  in  past  years. 

ScyUaridia  Bellit,  ap,  nov.     (PL  XXII.,  Figs.  1  and  2.) 

Description  : — Carapace  very  nearly  as  broad  as  long  ;  finely 
granulated;  frontal  margin  straight,  equal  in  breadth  to  one -half 
the  broadest  part  of  the  carapace  ;  orbits  occupying  the  latero- 
anterior  angles  of  carapace,  apparently  less  inclosed  than  in 
S.  Koenigiij  upper  and  inner  orbital  margin  elevated;  cervical  furrow 
transversely  dividing    the    cardiac  and    gastric  regions  near  the 

1  See  Monograph  Fossil  Malacostracoos  Crustacea  of  Great  Britain,  by  Prof.  BeU, 
F.R.8.,  F.G.S.,  Part  I.,  "  Crustacea  of  the  London  Clay,"  1867,  pi.  viii.,  figs.  1, 2, 3, 
PalsBontographical  Society's  Monographs,  voL  x. 
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middle  of  the  carapace  for  about  one-third  of  its  breadth,  then 
passing  in  an  oblique  direction  outwards  and  forwards,  reaching  the 
lateral  margin  in  a  deep  and  broad  depression  behind  the  oibits; 
gastric  region  strongly  ndged,  having  one  large  and  very  prominent 
median  tuberde  midway  between  the  rostrum  and  oerviod  furrow 
and  two  small  lateral  ones ;  hepatic  region  marked  by  one  central 
tubercle,  margin  indented;  cardiac  region  with  a  strong  median 
ridge,  ornamented  with  numerous  small  tubercles  along  its  most 
elevated  part;  branchial  region  ornamented  down  the  centre  by  a 
raised  line  marked  by  from  four  to  five  tubercles,  border  slightly 
tuberculated ;  basal  joints  of  antennules  small ;  those  of  external 
antennsd  broad  and  flattened,  as  in  other  genera  of  this  fiamily; 
posterior  border  of  carapace  deeply  arched  ;  abdomen  rounded, 
raised  along  the  centre,  epimera  rounded  and  deeply  grooved  within 
the  margin,  surface  finely  granulated  ;  segments  decreasing  in 
breadth  from  the  second  to  the  fifth  (sixth  and  seventh  segments 
wanting).  Portions  of  the  external  maxillipeds  only  preserved ;  the 
three  first  joints  of  nearly  all  the  five  pairs  of  ambulatory  limbs 
(coxopodites)  have  been  preserved ;  near  the  base  of  the  third  pair 
may  be  seen  the  apertures  of  the  efferent  ducts  of  the  ovaries; 
sternum  somewhat  deeply  corrugated  transversely,  and  relieved  by 
five  pairs  of  rather  prominent  tubercles,  corresponding  to  the  five 
thoracic  somites  which  bear  the  five  pairs  of  coxopodites  or  walking 
feet,  from  the  bases  of  which  latter  they  take  their  rise ;  the  first 
pair  of  tubercles  are  very  minute,  and  closely  approximate  to  each 
other  on  the  median  line,  each  succeeding  pair  of  tubercles  increases 
in  size  and  in  distance  apart  just  as  the  sternum  increases  in  width 
from  its  anterior  to  its  posterior  border ;  tliey  present  the  appearance 
of  a  double  row  of  mamma.  The  feet  decrease  in  size  from  before 
backwards  and  are  somewhat  flattened  in  section,  as  in  the  recent 
Scyllaridce. 

Dimensions: — Length  of  carapace  along  the  median  line,  10  lines; 
length  along  the  branchial  and  hepatic  region,  1  inch ;  breadth  at 
widest  part,  10  lines ;  breadth  of  anterior  border  of  carapace,  6  lines; 
breadth  of  posterior  border,  8  lines ;  thickness  from  sternum  to 
dorsal  ridge,  7  lines. 

Scyllaridia  Bellii  is  readily  distinguished  from  S,  Koenigii,  not  only 
by  its  size,  its  more  strongly-marked  carapace, — rising  to  a  very 
elevated  ridge  along  the  centre  (see  Fig.  2), — its  more  expanded 
branchial  region  and  deeply-curved  posterior  border;  but  also  in 
the  relative  openness  of  the  orbital  fossa  in  the  former  (in  this 
respect  offering  an  approach  to  Thenus,  a  genus  allied  to  Scyllartu)  as 
compared  with  the  more  perfectly  inclosed  orbit  in  the  latter.  Nor 
do  I  see  any  reason  to  doubt  that  tho  specimen  here  described  is  an 
adult  individual.  So  far  as  its  remains  have  been  preserved  to  us, 
Scyllaridia  Bellii  is  one  of  the  most  beautiful  macrouran  crustaceans 
found  fossil,  and  when  examined  with  a  pocket-lens  its  minute  de- 
tails of  structure  are  seen  to  be  remarkably  well  preserved.  It  was 
obtained  from  tlie  London-clay  of  Sheppy,  and  is  now  in  the  Brittsh 
Museum  Collection. 
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I  am  indebted  to  my  friend  James  Carter,  Esq.,  of  CSambridge,  for 
lending  me,  some  seven  years  sinee,  a  drawing  of  the  caudal  seg- 
ments of  a  Cmstaoean,  preserved  in  the  Woodwardian  Museum, 
which  was  believed  to  be,  and  was  published  at  the  time  (with  a 
note  of  interrogation),  as  referable  to  the  genus  SqniUa} 

This  specimen  was  obtained  from  the  ohloritio  marl  (Lower 
Chalk)  near  Cambridge.  About  the  same  period,  my  late  la- 
mented brother,  Dr.  S.  P.  Woodward,  F.G.S.,  when  on  a  visit  to 
Mrs.  Smith,  of  Tnnbridge  Wells  (shortly  before  the  death  of  that 
venerable  lady,  and  most  excellent  naturalist),  obtained  for  mo 
further  evidence  of  this  same  Crustaoean,  in  Mrs.  Smith's  museum,' 
from  the  Grey  Chalk  of  Dover.  Since  that  time,  by  the  kind  interest 
of  W.  Whitaker,  Esq.,  F.G.S.,  of  H.  M.  Geological  Survey  of  Eng- 
land and  Wales,  I  have  obtained  the  loan  of  two  other  specimens  of 
fliis  fossil  from  the  Hard  Chalk-rock  of  Luton,  in  Bedfordshire,  col- 
lected by  J.  Saunders,  Esq.,  of  that  place. 

Having  since  been  kindly  allowed  by  Professor  Sedgwick  to  ex- 
amine and  compare  the  Cambridge  example  with  those  subsequently 
obtained,  and  idso  with  the  recent  genus  Sqmlla,  I  arrived  at  the 
conclusion  that  it  was  not  among  the  Stomapods,  but  among  the 
Is^ods,  that  we  must  look  for  the  allies  of  our  Cretaceous  fossiL 

All  ihe  four  fossil  specimens  exhibit,  under  a  pocket-lens,  the 
same  peculiar  pitted  and  wrinkled  ornamentation  which  the  artist 
has  attempted  to  convey  in  Plate  XXII.,  Figs.  3-6.  This  peculiar 
kind  of  ornamentation  I  found  especially  repeated  in  the  JEgida,  the 
ipecies  belonging  to  which  family  are  amongst  the  largest  known 
Isopods,  and  are  distinguished  by  "  having  their  antenna)  fixed  in 
front  of  the  head,  the  basal  joint  of  the  anterior  pair  being  very 
broad  and  flat,  and  uniting  together  to  form  a  margin  in  front  of  the 
head,  not  being  concealed  beneath  the  advanced  ceplialon ;  the  outer 
foot-jaws  have  the  basal  joints  moderately  dilated,  with  three  or 
four  terminal  joints,  which  are  rarely  pidpiform ;  the  peretopoda 
{ikorcuiie  feet)  are  of  moderate  length,  the  anterior  pair  being  gene- 
rally the  strongest,  and  fitted  for  prehension,  being  terminated  by  a 
robust  curved  finger,  acute  at  the  tip  ;  whilst  the  hind-legs  are 
gradually  elongated  and  fitted  for  wcdking.  The  five  segments  of 
the  plean  {c^damen).  are  very  short,  each  on  its  underside  supporting 
a  pair  of  double  foUaoeous  plates  for  respiration,  whilst  the  last  seg- 
ment of  the  pleon  (teUon  .^)  is  large  and  flat,,  and  bears  on  each  side, 
near  the  base,  a  pair  of  flat  appendages,  scales  arising  from  a  basal 
joint,  of  whic^  the  inner  angle  is  sometimes  produced  into  a  long 
style." » 

.  I  have  figured  an  example  of  thia  family,  the  JEga  monophlhalma, 
Johnston  (PL  XXII.,  Fig.  7),  for  comparison  with  the  fossil  remain& 

^  See  Salter  and  Woodward's  Chart  of  the  Genera  of  Fossil  Cmatacoa,  section 
Stomapoda,  etc.,  fig.  19.  Engraved  hy  J.  W.  Lowry,  and  now  sold  hy  J. 
Stanford. 

*  The  apedmen  was  presented  at  the  time  hy  Mrs.  Smith,  of  Tunhridge  Wells,  to 
the  British  Hnaenm. 

*  C.  Spence  Bate  and  J.  O.  Westwood,  Hist.  Brit.  Sessile-eyed  Crustacea,  Part  17, 
June,  1867,  p.  276.    Sto.   Van  Voorst. 
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In  examining  a  lai^  number  of  genera  of  reoent  Isopoda  in  Ae 
British  Mnaenm  Colleotion,  I  notioed  that  the  preeenoe  of  a  median 
ridge  or  keel  to  the  telson  or  terminal  joint  was  of  rare  oocnrreDoe 
in  any  species,  the  one  figured  in  our  plate  being  almost  the  only 
example  met  with.  This  character,  combined  with  the  findy  dentated 
border  of  the  telson,  and  the  characteristic,  punctate,  and  wrinkled 
ornamentation  of  the  surface  of  the  segments,  led  me  to  the  condu- 
sion  that  the  genus  JEga^  offered  the  nearest  living  analogae  to  this 
fossil  crustacean ;  and  I  therefore  propose  to  name  it  PcImgM, 
adding  the  specific  name  of  Carteri,  in  honour  of  my  fiiend  James 
Garter,  Esq.,  through  whom  I  first  became  acquainted  with  ihii 
interesting  fossil. 

Description, — (Head  and  four  anterior  segments  wanting.)  Fifth, 
sixth,  and  seventh,  thoracic,  and  five  abdominal  segments  and  telson 
present  in  Figs.  3,  4,  and  6  (Fig.  5  uncertain,  the  telson  being 
absent).  Greatest  breadth  of  body  nearly  equal  to  the  length  of 
eight  segments,  the  relative  proportion  of  length  to  breadth  being 
about  the  same  as  in  the  living  genus  JEgti.  The  abdominal  segments 
preceding  the  telson  arc,  however,  slightly  longer  in  proportion,  in 
the  fossil  than  in  the  recent  form. 

A  line  divides  the  thoracic  segments  transversely  into  two  parts, 
the  anterior  being  smooth  and  devoid  of  ornament,  so  as  to  admit  of 
the  free  movement  of  the  preceding  and  overlapping  segment  upon 
it,  the  posterior  part  being  finely  punctate  and  wrinkled ;  where  not 
crushed,  as  in  Fig.  3,  the  remains  indicate  that  the  terga  were 
strongly  arched  as  in  ^ga  ;  the  epimeral  pieces  are  pointed  and 
curved  backwards ;  the  fifth  abdominal  segment  (that  immediately 
preceding  the  telson)  has  no  cpiraeni  visible ;  the  telson  is  semi- 
circular in  outline,  somewhat  broader  than  long,  and  has  a  slightly 
raised  keel  or  ridge  passing  down  its  centre  and  terminating  pos- 
teriorly in  a  small  spine ;  the  posterior  margin  is  dentate<l ;  the 
lateral  margin  is  ornamented  along  the  border  with  a  series  of  raised 
pUc(e,  None  of  the  appendages  are  \nsible,  save  in  Fig.  6,  in  which 
the  pair  of  foliaoeous  plates  attached  to  the  terminal  segment  are 
clearly  to  l)e  seen  occupying  the  same  ix)sition  as  in  Fig.  7. 

It  is  much  to  be  hoj^ed  that  further  research  may  bring  to  li^t 
more  perfect  remains  of  this  interesting  group,  of  which  we  know 
so  little  in  the  fossil  state,  but  which,  from  their  abundance  at  the 
present  day,  were  in  all  probability  well  represented  in  past  times. 

A  form  closely  allied,  if  not  identical  'with  Pal(ega  Carterty  occurs 
in  tlie  Miocene  of  Turin,  and  has  been  described  by  Sismonda  under 
the  recent  genus  SphfBroma  as  S.  Gtwialdl} 

A  comparison  of  the  two  recent  genera,  SpJuproma  and  .^ga,  with 
the  fossil  species,  confirms  me  in  the  conclusion  that  Palccija,  as  al- 
ready pointed  out,  is  more  nearly  allied  to  the  latter  than  to  any 
other  living  genus  of  Isopods. 

In  Sph^Kroma  the  epimeral  pieces  are  less  recurved ;  the  margin 
of  the  telson  is  less  circular,  and  it  is  destitute  of  the  median  ridge 

*  Swraonda,  Eug.  Descrizioiie  dci  Pesci  e  Crostacci  fosdli  nd  Picmontc  Taf.  iii. 
£g.  10,  in  Mem.  Acead.  Tonno,  %  %^\s  T^m.  IQ.    1S49. 
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or  keel  seen  both  in  the  leoent  .^ga  tmmoMkahm  (Plate  XXU., 
Fig.  7),  and  the  fbenl  Fakt^  Oateri  (Plate  XXH.,  Figs.  3-6>.  We 
prefer  therefiire  to  intzodnoe  the  generic  name  PaJWya,  by  which  to 
distingaish  the  fosifl  forms,  than  to  adopt  the  very  objectionable 
alternative  of  referrii^  to  a  recent  genns,  a  doubtful  and  but  par- 
tially known  fbssiL 

Should  Mr.  BOlii^'s  disoovery  of  the  existence  of  legs  in 
AMophtu  pkUifapkaiiu  be  found  capable  of  general  application  to 
the  IVilobitm,  we  have  in  this  gioup  Uie  earliest  representatives  of  the 
Jbopoda.  Whilst  admitting  the  desirability  of  the  union  of  Trilobita  and 
IscpodOf  it  should,  however,  be  borne  in  mind  that  between  these 
two  groups  important  structural  differences  exist  that  cannot  be 
lightly  passed  over:  such,  for  instance,  as  the  facial  suture,  the 
position  of  the  eyes,  and  the  trilobed  character  of  the  body-s^ments. 

EXPLANATION  OF  PLATE  XXTT. 

Fxo.  1.  Siylim^dm  BtBii,  sp.  sot.  dontl  aipeet  natmal  sue  (CoU.  Mob.  Brit.), 

Loadea  Ckj,  Sh«ifj. 
2.  ScyttmiUm  Bsllii^  nJe  riev  of  same,  nat.  sixe. 
la.        „  „      dorsal  aspect  (enlaraed)  o,  o,  the  ejes. 

lb,        „  „      Tentral  aspect  (enkzged},  m,  position  of  maxillipeds,  «. 

position  of  efferent  orifice. 
8.  JPkUBffa  CmrHrij  sn.  noT.  Grey  Chalk,  Dorer,  nat.  sin  (ColL  Mns.  Brit^. 
4.        „         „        Cnloritic  Chalk,  near  Cambridge  (Woodwardian  Mus.  Cam.) 
6,  6.        „         „        ChaUL  Roek,  Lnton,  Beds.  rColl.  J.  Saunders,  Esq ,  Luton). 
7.  ^a  mtmepkihtUmmj  Johnston,  N.  British  Cosst,  attached  to  Coofish  (nat. 

sixe). 

[In  Fig.  S,  the  keel  of  the  telson  is  not  well  seen,  the  sur&ce  of  the  tail  segment 
being  a  ^>od  deal  abraded,  but  the  mar^  shows  the  mucro  and  the  characteristic 
deatated  border  obserrable  in  the  Cambridge  specimen,  Fig.  4.] 

^To  be  ctmtiMtudJ 


n. — ^Nons  mpoN  the  Occurbknck  of  thb  Post-Pliookns  Drift  or 

Ghabnwood  Fobsst. 

By  W.  C.  LucT,  F.G.S.,  Gloucester. 

DUEINQ  the  inTestigations  I  made  on  the  **  Post-Pliocene  Gravels 
of  the  Severn,  Avon,  and  Evenlode,  and  their  extension  over  the 
Cotteswold  Hills,"  the  result  of  which  I  embodied  in  a  paper  read 
before  the  members  of  the  Cotteswold  Club  in  the  early  part  of 
1869,  and  is  now  published  in  their  "  Proceedings,"  many  of  the 
boulders  found  by  me,  on  examination  by  B.  Ethendge,  Esq.,  of 
Jermyn  Street,  were  determined  to  be  syenite  and  granite  from 
Chamwood. 

Being  naturally  anxious  to  see  the  rocks  tn  sttu,  from  which  they 
were  derived,  I  recently  made  an  excursion  to  the  Forest,  taking  up 
my  quarters  at  a  cential  position^  the  picturesque  village  of  Wood- 
house  Eaves. 

My  first  walk  was  to  Mount  Sorrel,  and  on  my  way  I  was  much 
surprised  to  see  a  good  deal  of  flint  and  drift,  having  heard  that 
there  was  no  distinct  evidence  that  that  part  of  the  country  had  been 
submerged  sinoe  the  deposition  of  the  New  Red.  After  visiting  the 
quarries,  under  the  able  guidance  of  the  manager,  Mx.  Has(£\:»V^w^\ 
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ascended  the  hill  by  the  road  on  the  N.E.  ride,  and,  on  leachinga 
small  plateau,  at  an  elevation  of  110  feet  above  the  river  Soar,  my 
attention  was  attracted,  in  a  hole  recently  made,  to  some  amall  pieces 
of  white  stone,  apparently  resembling  chalk,  wfaicih,  on  examination, 
I  found  to  be  chalk.  This  imezpeoted  disooveiy  indnoednne  to  notice 
very  closely  the  place  where  they  came  from,  and  I  found  a  Borfooe 
soil,  varying  from  one  to  two  feet,  In  which  were  some  New  Bed 
pebbles,  and  angular  pieces  of  the  Sorrel  rock ;  underneath  was  some 
tenacious  day,  like  Boulder-clay,  three  to  twelve  inches  in  thiciknesi, 
and  resting  on  New  Bed  Marl,  with  a  good  deal  of  small  ehalk 
embedded  in  it ;  some  pieces  were,  however,  larger  than  a  lien's  egg, 
very  hard,  and  showing  evident  marks  of  (Hacial  striation ;  there 
were  also  several  angular  flints,  one  bit  of  Oolite,  evidently  dexived 
from  the  Coral  Rag  of  Yorkshire,  and  two  small  Lower  Liss 
Gryphites,  the  0,  incurvcu 

As  the  Barrow  beds,  to  which  the  Oryphsa  belong,  were  in  the 
plain  about  a  mile  to  the  N.E.,  their  occurrence  in  saoh  a  position 
suggested  to  my  mind  how  great  a  change  the  country  most  have 
undergone  within  comparatively  recent  G^logical  time. 

A  few  days  afterwards,  I  again  visited  the  hill,  and  on  this  oc- 
casion was  accompanied  by  Mr.  Hamblyn.  We  found  more  chalk 
and  angular  flints,  and  traced  small  pieces  of  the  latter  to  the  sum- 
mit of  the  hill,  which  is  at  an  increased  elevation  of  80  fioet.  As  the 
Soar  below  is  about  200  feet  above  the  sea-level,  the  bigheet  point  of 
Mount  Sorrel  is  nearly  400  feet  high.  We  saw  also  some  fine 
gravel,  formed  of  the  disintegrated  rock  of  the  hill. 

Tlie  flints  I  afterwards  traced  to  the  Beacon  Hill,  Bawdon  Castle, 
and  in  a  fleld  just  after  leaving  Copt  Oak,  on  the  left  hand  side  of 
the  new  private  carriage  road,  made  by  W.  P.  Herrick,  Esq.,  to  hia 
property  at  Bardon  Hill,  where  draining  had  lately  been  dcme,  they 
were  in  abundance.  Throughout  the  whole  forest  I  found  they  were 
rarely  absent. 

The  Northern  Drift,  called  by  the  inhabitants  "  Boulders,"  i8, 
in  places,  largely  scattered  over  the  surface  of  the  ground.  I 
found  them  extending  far  up  the  N.W.  side  of  Bardon  Hill,  and 
I  am  disposed  to  think  they  attain  rather  a  higher  elevation  than 
the  flints. 

Tliere  is  a  great  quantity  of  local  drift,  derived  from  every  rock 
of  which  the  hills  are  composed,  and  some  of  very  large  size,  many 
boulders  weighing  from  one  cwt.  to  at  least  a  ton;  and  near  to 
Charley  T  met  with  a  large  block  of  granite  well  striated. 

The  great  interest  of  the  Chamwood  Forest  seems  hitherto  to 
have  been  mainly  confined  to  the  age,  nature,  and  composition  of  the 
rocks ;  but  I  venture  to  suggest  that,  to  the  Physical  G^logist,  there 
is  much  to  engage  the  attention  in  the  evident  remains  of  an  exten- 
sive denudation  and  meteoric  abrasion  in  the  numerous  valleys 
which  intersect  Chamwood. 

With  the  object  of  tracing  the  gravel  into  the  plain,  I  drove  from 
Woodhouse  lakiveB  to  li^idostAr,  and,  on  my  way,  found  it,  as  I  ex* 
])ected,  on  the  Hg^i  ^V.  ^ovrndi  qI  ^Y\i\a«6iKKsii^  'wbidh  extends  to 
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Bintall  Lodges  and  alao  mfter  deneDding  the  tbej  steep  hill  from 
near  the  letter  piece,  and  on  to  BelgraTe,  near  the  river.  There 
aie,  therefore,  the  heds  of  graTel  jaat  ahove  the  river,  where  the 
If^mfffc^Mi  lemains  were  found,  whidi  aie  now  in  the  Leicester 
Mnaenm;  the  high  flat  groond  of  Thnrcaston,  and  an  extension  of 
drift  of  an  older  date  occmring  on  the  flanks  of  the  hills  of 
Ghamwood. 

The  great  qoantity  of  drift  in  LeioeaCenhire  was,  many  years  ago, 
noticed  in  the  BeliqmiB  DSbuiamiBj  by  Dr.  Bockland,  in  niiich  he 

S'vea  the  following  extract  from  the  Ber.  W.  D.  Conybeare :  "  From 
ong^ton-on-the-Hill,  near  Leicester,  to  Braimston,  near  Daventry, 
proceeding  by  Market  Harborong^  and  Latterworth,  the  traveller 
passes  over  a  continooos  bed  of  gravel  for  about  forty  miles.  Near 
Hinddey,  great  depositions  of  gravel,  probably  connected  with  this 
mass,  are  fonnd,  and  afibrd  pebblea,  containing  specimens  of  the 
organic  remains  of  most  of  the  Secondary  strata  in  England.  This 
deposition  may  probably  be  traced  continuously  to  that  of  Shipston- 
on-Stour,  most  A  the  hillocks  scattered  over  the  Lias  and  Bed  Marl 
tract  between  Sontham  and  Shipston  being  covered  with  this 
graveL"  And  again  he  says,  ''  It  would,  however,  not  be  difficult  in 
many  places,  as,  for  instance,  on  the  West  of  Market  Harborough, 
and  in  the  valley  of  Shipston-on-Stour,  to  form  almost  a  complete 
geological  series  of  English  rocks  from  among  these  rounded  frag- 
ments, which  often  occur  in  boulders  of  very  considerable  size." 

This  therefore  shows  a  dear  connexion  between  the  gravels  of 
Leicestershire  and  those  near  to  Shipston-on-Stour,  which  latter  I 
have  studied  with  some  attention,  and  have  clearly  traced  them  on 
to  the  high  ground  of  the  Cotteswold  Hills,  and  I  am  firmly  im- 
pressed with  the  opinion  that  Ghamwood  Forest  was  submerged  at 
the  same  time  as  the  Cotteswolds. 

I  hope,  shortly,  to  work  out  the  Leicestershire  Gravels,  and  to 
illustrate  them  in  like  manner  to  my  Memoir  on  the  Cotteswold 
Drifts. 


m. — Ok  thx  Coal-bkabiho  Bocks  of  Southxbn  Ghilk. 

By  6.  A.  LsBOiTs,  F.6.&,  F.R.G.S., 

of  the  Geologieal  Snnrey  of  England  and  Wales; 

and  Wm.  Motdlb,  M.E.,  member  of  the  North  of  England  Inst  of  Min.  Engin. 

LITTLE  as  the  Greology  of  South  America  has  been  worked,  yet 
I  the  presence  of  coal  along  the  coast  of  Chile  has  long  been 
known  to  navigators  and  others.  Of  late  years  this  coal  hcis  been 
worked  in  sundry  places — in  short,  wherever  the  circumstances 
seemed  most  favourable.  The  strate  in  which  the  Beams  occur,  were 
made  the  subject  of  considerable  study  from  a  palseontological  point 
of  view  by  D'Orbigny  and  by  Darwin  ;  but  not  until  the  last  ten  or 
fifteen  years  have  the  resources  of  the  country,  with  regard  to  this 
branch  of  industiy,  been  examined  into  sufficiently  to  enable  a 
ooneot  estimate  to  be  made  of  them.  The  surveys,  which  have  been 
the  direct  result  of  the  interest  awakened  by  the  kxiQr?A»^^  ^1  ^^ 
pieaenoe  of  workable  seams  of  lignite  m  C\n\e,  '\\&^^\)«fiscL  ^gKiRii^ 
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eondnciYe  to  a  more  perfect  kiufvrleclge  of  the  geologioal  straetore  of 
the  coast ;  and  the  conBeqnent  aeomnulatioii  of  material  for  its  study 
has,  we  believe,  brought  it  within  onr  power,  not  only  to  add  to  IIm 
Tory  limited  stock  of  notes  on  the  subjeot,  bat  also,  it  is  hoped,  to 
give  such  explanations  of  some  of  the  more  obscure  &ctB  oonneoted 
therewith  as  were,  from  the  want  of  reliable  data,  either  overlooked 
by  earlier  observers,  or  only  vaguely  suggested  by  them. 

We  may  premise  our  remarks  by  saying  that  althougli  the  majority 
of  the  facts  alluded  to  in  this  paper  will  be  found  to  hold  good  for 
the  whole  of  the  Tertiary  formation  under  consideration,  thw  apply 
more  strictly  to  the  area  comprised  between  Ckxioepoion  and  valdivia, 
where  these  rocks  have  been  very  carefully  examined  during  a 
lengthened  professional  stay  by  Mr.  Mundle.  This  portion  of  the 
coast  which  we  have  selected  to  illustrate  the  general  points  of  our 
subject,  contains  the  two  most  important  and  largest  collieries  of  the 
country,  namely  those  of  Coronel  and  Lota,  from  the  workings  con- 
nected with  which  a  large  amount  of  the  information  in  these  pages 
has  been  obtained. 

The  Tertiary  rocks  (as,  for  want  of  a  better  term,  we  shall  for  the 
prosent  call  them)  form  a  narrow  strip  of  beds  following  the  coast- 
line of  Chile,  and  the  general  inclination  of  which  is  a  very  gentle 
one  to  the  W.  or  N.W.,  that  is,  towards  the  sea.  These  beds  rest 
unconformably  on  the  older  metamorphic  and  volcanio  rocks  of  the 
country  (sec  fig.  1),  which  form  the  bulk  of  the  lesser  chain  of 
mountains  bordering  the  coast,  the  long  interior  undulating  plain 
and  the  great  oastemraost  Cordillera.  This  is  shown  in  fig.  1, 
which  is  a  sketch  Bection  on  a  true  scale,  running  from  a  point  just 
S.  of  the  mouth  of  the  Lebu  river,  crossing  the  valley  of  the  Bio- 
Bio,  near  Santa  Fc,  passing  a  little  to  the  8.  of  Los  Angeles,  entering 
the  region  of  the  Andes  proper,  near  Lake  Canquen,  and  ending  a 
few  miles  E.  of  tho  active  volcano  of  Antuco. 

This  section  is  merely  given  to  show  the  relative  position  of  the 
larger  groups  of  rocks,  and  lays  claim  to  nothing  beyond  general 
accuracy.  In  order  that  it  may  the  better  fulfil  our  object,  however, 
we  have  made  it  cut  the  coast  at  a  point  veiy  near  to  both  Coronel 
and  Lota,  to  which,  as  we  have  stated  above,  our  observations  will 
mainly  apply.  At  a  number  of  other  places  along  the  coast  of  Chile 
and  Patagonia,  these  coal-bearing  rocks  have  been  observed,  from  a 
place  called  Talcahuano,  a  few  miles  north  of  Concepcion  (where 
the  coal,  says  Mr.  Bollaert,  who  surveyed  the  neighbourhood  ia 
1828,  "was  BO  inferior  as  to  be  thrown  aside"),*  to  some  of  the 
islands  of  tho  Chonos  Archipelago,  according  to  Darwin,'  or  even  as 
far  south  as  the  Straits  of  Magellan,  where  coal  similar  in  general 
character  to  that  under  consideration,  was  observed  during  a  very 
hasty  visit  by  Mr.  Mundle  in  1865.' 

»  "Obsenrations  on  the  Coal  formation  in  Chile,"  by  W.  BoUaert,  Eaq.,  F.B.O.S^ 
Journal  of  the  R.G.S.,  vol.  xxv.,  p.  172. 

'  Geological  Obicrvations  on  South  America,  by  C.  Darwin.    London,  1846. 

'  Mr.w.  BoUnert,  in  the  paper  referred  to  aboTe,  aUo  mentions  coal  as  hanng  been 
found  at  the  BtroitB  o!  Ma^WnA. 
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Bat  althongfa  beds  ■graeing  in  cltt- 
ntotar,  oompontion,  sod  organic  »• 
maim,  and  almoet  ioTariaUy  ligniti- 
ferons,  are  thoa  found  skirting  ths 
oout  for  BO  gnst  »  diatanoe,  th^  an 
by  no  means  reallj  oontinooiu.  Us 
Ixeaks  vhioh  divide  ths  looalitiea  from 
eaah  ottier  ars  often  of  oonaidetable 
length,  and,  even  where  they  are 
shortest:,  bring  abont  a  complete  changs 
in  tbe  ananeemeata  of  the  depcaita 
<m  eithar  side.  The  probable  cause 
of  this  we  shall  hint  at  fiirther  on. 
At  present  it  will  be  snffioient  to  note 
that  the  ridges  of  micacseoue  schisti 
which  sepaiate  the  little  ooal-fielda 
from  each  other,  and  the  oontonr  lines 
of  which  were  the  coaat-linee  during 
the  deposition  of  the  lignitiferons  form- 
aticn,  are  in  every  case  distinct  lines 
of  demarcation,  to  the  north  and  south 
of  which  the  vertical  sections,  thou^ 
cutting  through  rocks  of  undoubted 
contemporaneous  age,  are  yet  vwy 
different  from  each  other,  both  in  the 
position  and  thickness  of  tlteir  con- 
stituent beds. 

This  will  at  once  be  evident  by 
glancing  at  the  accompanying  sections, 
uie  first  of  which  is  taken  from  a  line 
of  pita  sunk  in  the  Coronel  workings, 
and  ia  separated  from  the  other  (mea- 
sured at  liOta)  by  a  ridge  of  micaceons 
schists,  advancing  from  the  interior 
into  the  sea ;  the  distance  between 
the  two  being  only  five  miles,  and 
the  strata  cut  through  by  both  being. 
without  doubt,  equivalent  as  far  as 
geological  age  is  concerned. 

The  coal-seams,  it  will  be  ob- 
served, are  even  less  constant  than 
the  other  members  of  the  above 
sections. 

Keeping  then  this  amngement  of 
the  beds  in  mind,  we  cannot  be 
unprepared  for  the  great  dissimilar- 
ly which  we  find  existing  in  the 
various  accounts,  both  official  and 
unofficial,   of  the    capabilities  of  tlie 
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Cihfle  ooal-fields  viewed  firom  a  comiiieicial  point  of  view.  These 
Taiy  aooordiiiff  to  tlie  leealitiee  fron  iHiieb  the  matmialw  of  the 
reports  hanre  been  obtained,  and  aie  Teiy  likely  oorrect  in  each 
partionlar  instance. 

Althoogb  the  object  of  the  present  paper  is  to  describe  the  newer 
formations  of  Soumem  Chile  firom  a  purely  geological,  and  not  firom 
an  industrial  point  of  view,  yet  it  may  be  as  well  to  give,  once  for 
all,  onr  opimon  as  to  the  value  of  the  coal  hitiierto  known  and 
worked,  or  which  may  possibly  be  foond  thera  The  coals  won  at 
Pnchoeo,  Ooronel,  and  Lota,  just  south  of  Concepcion,  are  tmiyersally 
acknowledged  to  be  the  best  in  the  district.  At  Yaldivia,  con- 
siderably fiirther  south,  the  coal  is  also  well  developed,  but  is  not  so 
well  atoated  for  being  extensively  worked.  ProbaHy,  still  farther 
south  along  the  coast  of  Patagonia,  coal  may  some  day  be  profitably 
worked.'  bnt  there  the  amount  of  v^etation  (to  which  Darwin  hints 
the  presence  of  lignites  may  be  due)  will  long  stand  in  the  way  of 
accorate  geological  surveys. 

At  the  other  places  where  coal  has  been  won,  it  has  proved  little 
more  than  an  inferior  lignite,  and  even  the  better  seams  which  we 
have  named  above,  and  a  detdled  account  of  some  of  which  will  be 
found  in  the  measured  section  given  below,  can  scarcely  be  much 
commended  when  compared  even  with  our  inferior  European  coals. 
Besides  which  it  mi^  be  mentioned  that  the  workable  seams  of 
Coronel  and  Lota  are  nearly  worked  out  by  this  time,  and  will  there- 
fore be  not  much  longer  of  any  importance  at  all.  In  the  appendix 
we  quote  from  Mr.  Bollaert's  valuable  paper,  above  referred  to, 
analyses  of  the  coals  from  these  localities.  Leaving  this  portion  of 
our  subject  thus  lightly  touched  upon,  it  will,  perhaps,  be  best  to 
give  now  a  full  description  of  the  stratigraphical  arrangement  of  the 
ooal-bearing  deposits  at  some  particular  point,  which  may  serve  as  a 
key  to  the  mode  of  occurrence  of  the  strata,  in  that  district  at  least 
which  has  been  best  studied.  For  this  purpose  we  have  chosen  a 
section  at  Coronel,  the  perfect  accuracy  of  which  we  can  vouch  for 
throughout,  it  having  been  measured  bed  by  bed  under  the  superin- 
tendence of  Mr.  Mundle.  The  uppermost  few  feet  of  the  country 
consist,  for  the  most  part,  of  a  red  earthy  loam,  cdled  locally  Tierra 
Colorada,  which  is  due  to  the  decomposition  of  the  volcanic  rocks 
forming  the  higher  parts  of  the  interior.  Below  this  red  earth, 
which  often  attains  a  considerable  thickness,  we  come  to  the  sub-soil 
proper,  which  we  will  take  as  being  the  highest  known  member  of 
the  series.    This  consists,  at  Coronel,  of — 

Ft.  In. 

1.  A  ffrey  ar^llaoeoos  laiidstone,  fine-grained  and  micaeeons  .    46  11 

2.  Below  this  is  a  band  of  fprey  caloareoof  sandstone,  also  mioaceons,  bnt 

with  small  reins  of  Calc-spar 7    0 

8.  We  next  come  to  a  sandstone  similar  to  No.  1,  bat  containing  fossils 
(marine  shells).  This  bed  is  very  oonstant,  and  is,  it  is  tiionght  by  the 
miners,  identical  with  a  similar  one  st  Lota 21    6 


^  Vide  "  Informe  sobre  las  minas  de  carbon  del  snr  de  Chile,"  by  Lois  LarroqjiA^ 
in  the  *'  Anales  de  la  UniYenidad  de  ChUe."    SsJitiaeo,  \%^^«  — 
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4.  N«zt  11  another  band  of  Galoareoiu  ■andgfeone,  tezj  fine-giaxMd  and  haid     6   t 

5.  A  liffht  blxdih-groj  argillaoeoot  nndabOM 6   0 

6.  Cbc^ hard  and  good,  bat  oontainiog  Iron  pjritea,and  m  some  parti  aaaU 

nodnlec    Th^e  nodolei  contain  many  plani-reinaiBi  (monoooijledoBi), 

and  some  reptilian-remaini.    Thiiii  the  highest  ooal-ieam  in  the  diitriet     9    6 

7.  A  thin  band  of  dark-brown  bitominom  cUy,  greair  to  the  to«ohf  end  fcll 

of  vegetable  debris,  filling  the  place  of  a  tme  nnQer-daj       .       •       .06 

8.  A  aoft  whitiah  clay,  which  paMM  gradnally  in  iti  lower  part  into  a  llae- 

grained  grey  argulaoeoni  landitone,  reeemblisg  the  apper  bedi  nlreadj 
mentioned,  oat  containing  a  snail  quantity  of  una.  .    S5   0 

9.  We  now  come  to  the  Seetmd  Coal,    lliii  leam  ii  good  md  dean,  bat  aoft, 

and  leaTes  mach  ash  in  burning 80 

10.  A  light-grey  argillaoeouinnditone ft   0 

11.  The  Third  GsaZ-Mam^nx  inohea  of  whidi  are  taken  by  a  band  of  brown 

micaceous  ihale,  which  divides  it  in  the  middle       .       .       .        .       .      S  11 

15.  A  fine  grey  arenaoeoiB  shale,  in  the  upper  part  compact  and  hard,  with  a 

great  quantity  of  vegetable  remaini,  irideh  give  a  itioakcd  appeaxanee 
to  the  rock ;  and  at  the  base,  a  dark-browniidi,  indurated  olay,  speoklAd 
with  black  round  spots,  the  centre  of  each  of  which  is  formed  by  a  car- 
bonised stem 80 

18.  A  thin  band  ci  black  bituminous  shale,  sMred  with  shining  Coal,  Thia 
is  combustible,  and  after  burning,  is  perfectly  white,  but  it  is  unavailable 
for  practical  purposes 0    0 

14.  A  brownish  inaarated  day,  simrilar  to  No.  12,  but  without  spots  and  stems      8    7 

16.  A  whitish  amllaoeous  sandrtone,  containing,  in  the  upper  part,  many 

remains  of  ferns  and  trunks  of  trees.  A  thin  band  or  shale  intersects 
this  bedjjn  which  are  numerous  veins  of  Hamatite  and  Carbonate  of 
Lime,    ulie  sandstone  gets  coarser  in  its  lower  part       .       .       •       .    90   0 

16.  A  dark-^y  shale,  with  carbonized  remains  of  plants      •        .        .        .    15  10 

17.  A  brownish  clay,  micaceous,  and  containing  in  parts  concietionaxy  nodoles 

of  a  pure  green  day 6    8 

18.  A  hard  grey  shale,  rough  to  the  touch,  with  black  ipoti  in  parti,  and  with 

a  conchoiual  fracture .40 

19.  A  white  crystalline  sandstone,  containing  (as  indeed  most  of  the  grits 

enumeratea  in  this  section  do)  disseminated  grains  of  Hornblende         .      6    5 

20.  Alternating  beds  of  argillaoeous  and  oalcareoos  sandstones,  the  latter 

being  the  tliinner,  ajid  the  former  containing  vegetable  remains, 
especially  in  the  upper  parts 20    0 

21.  A  band  oi  black  bituminous  shale    .        .        .        .        .        •        ..20 

22.  The  Fourth  Coal-aesim  ;  an  unimportant  one,  very  friable,  and  with 

partings  of  white  Dolomite  and  Gypsum 0    7 

28.  Black  bituminous  shales  (in  which  vegetable  remains  become  rarer 
towards  the  base),  passing  into  a  light-grey  indurated  olay,  with  car- 
bonised plants,  forming  confused  masses,  which,  with  several  included 
bands,  (in  most  of  which  are  impressions  of  leaves,  etc.,)  is  distinctly 

divisible  into  nine  different  beds 14    0 

24.  The  Fifth  Coal,  good,  hard,  and  clean,  with  pyrites  in  places.    This  is  a 
workable  seam.  The  floor  of  this  coal  is  formed  of  a  dark-brown  bitumi- 
nous slate  clay,  in  all  respects  similar  to  the  Under-day  of  the  First 
Seam  (No.  6),  and  only  a  few  inches  thick       .        .        .        .        .        .88 

26.  A  brownish -grey  shale,  very  micaceous,  with  some  imprMsions  of  leaves, 

and  with  Dolomite  partings      . 6    6 

26.  A  fine -grained  hard  calcareous  grit 0    5 

27.  A  spotted  arenaceous  shale,  with  scares  of  ooal 6    4 

28.  The  Sixth  Coal,  divided  into  two  seams,  by  one  foot  seven  inches  of  ^y 

bituminous  shale,  with  remains  of  plants.    The  upper  bed  of  ooal  is  of 

good  quality,  but  the  lower  one  is  earthy  and  bad 2    5 

29.  The  Undcr-ciay  to  this  scam  is  a  black  bituminous  shale,  scared  with  ooal      1    4 

80.  A  blackish -grey  Sandstone,  streaked  with  whitish  lines    .        .        .        .89 

81.  The  Seventh  Coal,  good,  and  very  dean      ..«•••        .07 

82.  A  black  bituminous  shale 14 

38.  The  Eighth  Coa/-seam.    This  is  the  meet  important  of  the  district,  and 

consists  of  a  very  good,  hard,  and  clean  coal.    This  is,  of  course,  the 

chiefly-worked  seam 49 

84.  Its  Under-day  is  a  dark-brown  bituminous  shale 14 

86.  A  grey  indurated  clay,  in  parts  compact  and  hard,  in  others  soft  and 

plastic 4    0 

96.  A  grey  arenacdoua  shale,  weU  i^x«Aa&^,^««ii  ^«  ^scained,  with  the  grains 
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of  Qosrti  often  lei^aotd  by  grains  of  Hornbleiicle,  and  inelosmg  liere    FUIn. 
and  time  eijitela  of  Ga]e-«par  and  small  partkles  of  ciTstelliiea  Iron- 

p^rites 1    (k 

S7.  A  Dloiflh-grey  ealoareons  Sandstone,  rery  hard  and  fine-grained*  and 

mnch  jointed,  oontaining  erysfcalline  Dolomite  in  the  partings  .10 

88.  A  strong  grey  aigillaoeoos  sandstone,  slightly  micaceoos,  coarse^  with 

disseminated  orystals  of  Hornblende  and  Chlorite 75    0 

89.  A  brownish  shale  mixed  with  ooarse  particles  of  sand  .       .        .18 

40.  The  Ninth  and  last  CMiZ-seam,  of  fair  quality 0    2 

41.  Qreyish  and  bloish  shales,  scared  in  some  phu^  by  red  Oxide  of  Iron     .    25    0 

42.  A  greenish-grey  argillaoeoos  sandstone,  micaoeons  and  fine-grained, 

oontaining  many  fragments  of  tronks  of  trees  and  ferns .  .        •      2  10 

48.  A  light  bloish-grey  arenaoeons  shale,  with  seares  of  ooal .  .        .66 

44.  Is  a  rock  distincUy  dilTerent  from  any  of  those  we  have  passed  through  in 

this  section ;  this  is  a  brownish -rea  arg^laoeoiis  conglomerate,  coarse- 
mined,  with  Tarions  sixed  pebbles  of  White  Qoarts,  Granite,  Syenite, 
Greenstone,  Porphm,  Qnartsite,  eto 8    0 

45.  A  mnch  stronger  tmok  conglomerate,  more  compact  than  the  last,  but 

with  smaller  sixed  pebbles,  and  consisting,  in  addition,  of  a  large  pro- 
portion of  micaoeons  and  Chloritic  rocks 210    0 

Total  .  587    0 

This  last  stratmn  is  in  direct  contaot  with  the  metamorphic  rocks 
which  form  the  mountain  range,  and  the  dividing  ridges  of  the  Goal- 
district,  and  lies  unconformahly  upon  them.  It  does  not  enter  within 
the  scope  of  this  paper  to  treat  more  largely  of  these  older  mica 
schists,  chloritic  sdiists,  talcose  slates,  clay  slates,  etc.  The  section 
we  have  given  above  will,  perhaps,  suffice  to  give  one  a  correct  idea 
of  the  structural  characteristics  of  the  formation  under  consideration, 
(see  Fig.  2).  The  next  point  we  shall  advert  to,  is  one  of  more 
theoretical  interest ;  namely,  the  mode  of  deposition  of  these  beds. 
That  they  are  in  a  great  and  preponderating  measure  of  purely 
marine,  and  in  the  minority  of  cases,  at  least,  of  estuarine  origin, 
may,  we  think,  be  safely  inferred  from  the  fossils  which  they 
contain,  and  that  these  conditions  very  rapidly  interchanged  is,  like- 
wise, easily  to  be  seen  by  the  thinness  and  variety  of  the  beds  in 
our  section.  The  great  and  varying  instability  of  the  land  during 
the  formation  of  these  beds,  which  was  the  evident  cause  of  this,  is 
little  indeed  to  be  wondered  at,  when  we  consider  that  a  great 
portion  of  that  vast  upheaval  to  which  we  owe  the  Andes  was 
actually  going  on  at  this  very  period,  whether  we  take  it  to  be  a  late 
Secondary  one,  as  has  been  suggested,  we  believe,  by  D'Orbigny  and 
E.  Forbes,  or  whether,  as  Darwin  thinks,  it  be  one  "  verging  on  the 
commencement  of  the  Tertiary  era." 

This  alternation  of  the  circumstances  under  which  the  deposition 
took  place  leads  us,  with  the  help  of  a  few  collateral  considerations, 
to  what  we  believe  to  be  a  true  explanation  of  the  dissimilarity, 
before  referred  to,  between  the  sets  of  beds  on  either  side  of  the 
ridges  of  older  rock  breaking  their  continuity.  Wo  are  not  aware 
that  this  striking  discrepancy  between  these  neighbouring  sections 
has  ever  been  explained,  or  even  noticed,  by  any  former  observer. 
Darwin  remarks,  iiiat  these  formations  have,  in  some  cases,  ''  appa- 
rently been  accumulated  in  troughs,  formed  by  submarine  ridges," 
in  oilers,  that  **  the  Tertiary  strata  seem  to  have  been  separately 
acoomulated  in  bays,  now  forming  the  mouths  of  V8lk;^%"  Vss^ 
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nothiDg  further.    In  order  to  onderBtand  our  aigament  ric^tlyy  it 

will  be 


to  examine  briefly 
the  coBditunui  un- 
der whidi  the  de- 
positions of  the 
present  day  take 
place  in  the  self> 
same  regions;  and 
as  we  have  already 
taken  the  two  lo- 
calities of  Coxonel 
and  Lota  as  types 
of  the  more  ancient 
sedimentaiy  aocn- 
mulations,  so  shall 
we  make  use  of 
them  again  in  this 
instance,  as  typical 
of  those  at  present 
forming.  The  ac- 
companying sketch 
map  will,  it  is  hoped, 
render  our  meaning 
clearer. 

Fig.  4.~Sketeh  of  part  of  the  Chilian  Coaat. 

The  mouth  of  the  Bio-Bio  is,  it  will  be  seen,  to  the  north  of  both 
Coronel  and  Lota.  The  currents  along  the  coast  have  a  southerly 
direction,  and  are  of  considerable  strength.  Now,  tlie  sediment  held 
in  suspension  by  the  Bio-Bio  (of  which  it  carries  vast  quantities  into 
the  sea)  is  of  a  dark,  almost  black,  colour,  consisting  in  fact  of  sand 
derived  from  the  black  volcanic  rocks  through  which  it  flows,  and 
which  are  being  continually  worn  down  and  transported  by  it,  and 
by  the  many  tributaries  to  which  it  owes  its  size.  This  black  sand 
shall  serve  as  an  indicator.  For  observe  that  the  shores  of  the  two 
bays  immediately  south  of  the  Punta  Coronel  have  different  names 
applied  to  them,  viz.,  the  northern  one,  that  nearest  the  mouth  of  the 
Bio-Bio,  is  called  Playa-negra,  and  the  southern  one  Playa-blanca : 
that  is,  the  black  beach  and  the  white  beach.  These  two  bays  are 
separated  by  a  narrow  ridge  of  rock — mica-schist — running  into  the 
sea.  The  black  beach  receives  the  black  sediment  of  the  Bio-Bio, 
brought  to  it  by  the  current  which  exerts  its  power  on  that  river  and 
its  freight,  from  the  moment  it  reaches  the  sea.  The  arrows  on  the 
map  show  the  direction  of  the  current.  After  blackening  the  Playa- 
negra,  this  current,  which  may  be  called  the  oceanic  prolongation  of 
the  Bio-Bio,  is  diverted  from  its  southward  course  by  the  ridge  of 
metamorphic  rock,  and  is  driven  out  to  sea,  where  it  spends  what  is 
left  of  its  cargo  of  black  sand ;  and  thus  does  it  come  to  pass  that 
the  Playa-blanca  is  white,  and  not  in  any  degree  tainte<l  by  the 
black  river.     Here  tkon  we  have  two  contiguous  and  contempo- 
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raneoiis  deposits  being  fonned  of  totally  different  materials,  and 
xmtaining  different  organic  remains.  The  one,  the  black  beach, 
made  op  of  the  debris  of  voloanio  rocks,  and  containing  estuarine, 
ind  possibly  even  fluviatQe,  animals  and  plants ;  and  the  other,  a 
^hite  sandy  beach,  composed  of  the  debris  of  Tertiary  sandstones, 
ind  having  a  purely  marine  littoral  fieinna.  This,  we  believe,  which 
ire  see  at  work  now,  was  at  work  then,  and  we  thus  have  the  tnie 
[ey  to  the  meaning  of  the  want  of  resemblance  which  exists  between 
he  numerous  coal-fields  of  the  same  age,  which  are  situated  all 
long  the  coast  of  Western  South  America.  And,  to  render  the 
nalogy  between  the  recent  case  and  the  ancient  one  more  striking, 
re  may  remark,  that  the  spur  of  rock  which  separates  and  causes 
he  dissimilarity  of  the  two  beach-deposits  is  the  very  same  one 
rhich  divides  the  coal-field  of  Goronel  from  that  of  Lota.  Seldom 
lan  one  see  so  completely  the  little  change  which  Time  brings  about 
n  the  manner  in  which  Nature  works.  With  regard  to  the  geological 
ge '  of  the  Coal-bearing  formation,  we  have  little  to  say  beyond 
his,  that  the  belief  of  Darwin,  that  these  beds  belong  either  to  a 
^ery  old  Tertiary  epoch,  or  possibly  to  an  era  intermediate  between 
he  Secondary  and  the  Tertiary,  seems  to  us  to  be  as  near  the  truth  as 
t  is  possible  to  arrive  at,  with  the  scanty  lists  of  fossils  at  our  dis- 
K>sal.  Among  these  we  find  none  that  have  not  been  enumerated 
«fore,  either  by  Darwin  or  by  D'Orbigny ;  therefore  we  shall  limit 
he  palflBontological  portion  of  this  paper  to  quoting  the  list  given 'by 
>arwin  (see  Appendix). 

A  comparison  between  these  Coal-fields  and  other  well-known 
tertiary  ones  might  seem,  at  first  sight,  appropriate ;  but  the  peculi- 
rities,  both  of  age  and  manner,  of  deposition  appertaining  to  the 
•eds  in  question,  preclude  the  possibility  of  their  being  brought 
ito  the  same  category  as  either  the  German  Braun-kohl  formations, 
be  Bovey-Traoey  lacustrine  deposits,  or  even  as  the  Brazilian  coal- 
earing  rocks  of  the  river  Jaguarao,  which,  according  to  Professor 
Lgassiz,  belong  to  the  true  Carboniferous  period.' 

Before  concluding  this  paper,  it  is  necessary  to  say  a  few  words 
38pecting  the  faults  which  dislocate  the  district  we  have  been 
xamining.  Of  course  we  are  as  yet  only  enabled  to  speak  of  those 
rhich  have  been  observed,  and  proved  in  the  carrying  on  of  mining 
perations,  the  principal  of  which  will  be  seen  marked  in  the  hori- 
ontal  sections  which  illustrate  our  remarks  (see  Figs.  2,  3,  and  5). 

F 


Fig.  S.—Seotioii  of  Coal-betring  Bedf  at  Lota,  Chila. 

1  This  I  hope  to  oonsider  more  fiilly  in  another  naper. — G.A.L. 
*  **  Reports  respecting  Coal,"  Bine  Book,  London,  1867,  p.  23.    With  Professor 
da's  decision  1  am  bowerer  disposed,  with  all  defSsrence,  to  difftt«— Q.  k.'L. 
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These  fiskults  nm^intlie  great  majority  of  oaaes,  in  a  more  or  lev  N. 
and  8.  direction,  that  is,  approximately  parallel  to  the  sea-shore,  and, 
which  is  more  significant,  parallel  also  to  the  mountain-chains  of  the 
conntry.  It  need  scarcely  be  pointed  out  that  this  paiaUeUsm 
between  the  lines  of  dislocation  and  the  axes  of  deration,  is  of  the 
highest  theoretical  Tslue,  as  showing,  beyond  doubt,  that  the  eleva- 
tory  action,  to  which  the  great  Andian  Cordillera  is  due,  has  been  at 
work  nnccy  probably  long  since,  the  dose  of  the  era  during  which 
the  deposition  of  the  Chilian  Cod-fields  took  place.  This  is  only  a 
confirmation  of  the  acknowledged  fact,  that  a  very  great  portion  of 
the  devation  of  the  Andes  (5,000  or  6,000  feet  at  least,  aooording  to 
Dana)  was  gained  in  Tertiary  times. 

From  a  mining  and  practicd  point  of  riew,  these  faults  are  of 
ydue,  insomuch  as,  by  their  constant  upthrows  of  the  cod-seams  sea- 
wards, a  considerable  amount  of  workable  cod  is  saved,  which 
otherwise  would  be  quite  lost  and  useless.  And  here  we  may, 
perhaps,  advert  to  a  consequence  of  a  want  of  knowledge  of  sudi 
faults :  in  Mr.  W.  BoUaert's  paper,  to  which  we  have  so  oflen  re- 
ferred, the  author  mentions  that  the  cod-workings  at  Coronel  were 
likely  to  become  much  moro  extensive  than  those  at  Lota,  whereas 
exactly  the  reverse  has  come  to  pass,  the  Lota  seams  being  c^)able 
of  being  worked  far  under  the  sea,  while  those  of  Corond  have  been 
been  completely  cut  off  by  it  (see  Fig.  6). 

With  these  somewhat  crude  remarks  we  conclude  this  paper.  The 
audyses  of  coals  and  lists  of  fossils  are  given  in  the  Appendix. 
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(a.)  List  of  fossils  from  the  coast  between  the  Chonos  Archipelago 
to  Concepcion,  form  Darwin's  *•  Geology  of  South  America.*' 


TurriteUa  sttturalif,  G.  B.  Sby. 

T,  Chihnsis,  G.  B.  Sbv. 

SigarHus  subgUtbosus^  G.  B.  Sby. 

Cytherea  (?)  sulculosa  (P),  G.  B.  Sby. 

Valuta,  frafrmcnts  of. 

Bulla  cosmophilat  G.  B.  Sby. 

Pleurotoma  suhaqualut,  G.  B.  Sby. 

P.  araucana,  D'Orbig. 

Fu.ftis  cleryanus,  D'Orbig. 

F.  subrtfUnts  {?). 

r.  (lijirilis,  D'Orbig. 

Triton  leitcostoinoidcs,  G.  B.  Sby. 

Venus  auca,  D'Orbig. 

Venus,  fragments  of. 

Ttllinides  (P)  ohlonga,  G.  B.  Sby. 

Natica  stnolata,  G.  B.  Sby. 

N.  (P)  pumila,  G.  B.  Sby. 


N.  araucana,  D'Orbig. 
N.  Australis,  D'Orbig. 
ScalaHa  Chilmsis,  D  Orbi|^. 
Pyrula  longirostra,  D'Orbig. 
Cardium  auca,  D'Orbig. 
C.  atuticostatum,  D'Orbig. 
Mactra  ciciUana,  D'Orbig. 
M.  araucaua,  D'Orbig. 
Area  araucana,  D'Orbig. 
J^rucula  Largillitrii,  D'Orbig. 
Dentalium  majus,  G.  B.  Sb^. 
Trigonia  Handiana,  D'Orbig. 
Fecten,,  fragments  of  two  species  P 
Baculitts  vagina,  E.  Forbes. 
Nautilus  D^  Orbignyanus,  E.  Forbes. 
Ammonites,  fragments  of  one  specimen. 


It  is  on  the  last-named  fossils  more  cspecidly  that  the  Cretaceous 
ago  of  the  lignitiferous  beds  was  contended  for  by  D'Orbigny. 

(6.)  Tlie  following  analyses  of  coals  are  taken  from  Mr.  W.  Bol- 
laert's  paper  in  the  Joumd  of  the  Qeographicd  Society,  voL 
p.  175. 
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Analyses  of  the  lignite  of  Taloahnano,  by  Admiralty  Investigation 
Oommittee: 

^Mft     •••  •••  •«•  a««  •••  •••  •••  "  ''* 

Carbon        ^.        ^.       ^ 7071 

Hydrogen    ...        6*44 

Oz7g«n,  Salpbnr,  Nitrogen       -.       ...       ^    15*98 

10000 


Of  Lota  ooal,  by  Dr.  Playfair : 

AMiX     ...             ...             ...             ...             c             ...             ...  O  WO 

Carbon        ...        ...        ...        78*80 

Hydrogen ...        6*80 

(mgea ...  8*87 

Sal^mr ^ 1*06 

Nitrogen     ...        ... ,„  1*09 

100*00 


Of  Lota  first  seam,  by  Mr.  Abel,  of  Coqoimbo : 

ASO    ...  •••  ...  •••  ...  ...  ...        Ss  vO 

Carbon         ...        ... 8870 

Hydrogen ...      1*02 

Oiygen  and  Nitrogen      ...        ...    18*28 

loooe 


rV. — Oh  thb  Glaoial  and  Post-Glaoial  Deposits  in  the 

Neiohboubhood  of  Llandudno.^ 

By  HuoH  F.  Hall,  F.G.S. 

I  HAVE  been  led  to  think  that  a  description  of  the  drift-beds  in 
the  neighbourhood  of  Llandudno  might  be  interesting  to  the 
Section,  on  account  of  the  discussion  which  took  place  on  Mr. 
Morton's  paper,  as  to  the  description  of  pebbles  contained  in  the 
'*  Boulder-day." 

The  section  I  have  drawn  is  a  general  section,  taken  from  a  care- 
ful examination  of  the  beds  exposed  at  the  following  places :  Gk)- 
^urth,  West  side  of  the  Little  Orme,  East  side  Little  Orme,  Dy- 
ganwy,  Bhos,  Colwyn,  and  Llandulas. 

The  base-bed  taken  is  the  Mountain  Limestone.  At  the  Little 
Orme  is  exposed  above  this  a  bed  of  three  to  five  feet  in  thickness  of 
Mountain-limestone  rubble,  angular  fragments,  which  may  probably 
be  accounted  for  by  the  action  of  frost  during  the  earlier  part  of  the 
Glacial  period,  breaking  up  the  exposed  rock  into  fragments,  which 
in  this  sheltered  comer  have  not  been  carried  away  by  the  ice-sheet 
which  has  produced  the  overlying  Boulder-clay,  and  in  its  greatest 
exposure  is  about  150  feet  in  thickness.  This  bed  I  regard  as  the 
result  of  the  grinding  down  of  the  subjacent  strata  by  land-ice, 
which,  at  this  period,  must  have  covered  the  land  down  probably  to 
the  water's  edge ;  in  fact,  the  true  Glacial  period.  The  materials  of 
-which  these  beds  are  composed  are  invariably  those  which  would 
result  from  the  breaking  up  and  grinding  down  of  the  rocks 
in  the  immediate  neighbourhood.      Thus,  at  Bhos,  it  is  a   very 

^  Bead  befoxe  Geological  Section,  Britirii  Anodation,  LiverpooL,  1870« 
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Mly  dark  blmah-grey  day»  rerr  Ml  of  imall  pebblM,  pviiMipally 
of  slate,  all  ioe-scrmhed,  with  many  lam  blookB  of  Moontiiii- 
limestone,  Qreenatone,  and  Yoloanio-grita,  uiree,  four,  and  &vb  feel 
in  diameter,  in  many  caBea  still  showing,  though  exposed  to  the 
action  of  the  present  sea,  ioe  grooves  and  smoothing.  The  raiend 
character  of  this  bed  is  mudi  the  same  at  the  Little  Orme,  {&  new 
features  being  boulders  of  Old  Bed  Sandstone,  Schist,  and  Oambrisn 
conglomerate.  On  the  West  side  of  the  Little  Orme  this  bad  is  dis- 
tingnished  by  a  laige  quantity  of  angular  fimffments  of  dhert 

At  OogEurth,  the  clay  F,  where  exrosed  on  uie  shore,  and  wetted  by 
the  tide,  is  very  sti£^  but  in  the  dUflf  it  is  very  hard  and  oompaoti  mora 
so  than  many  sandstone  rooks.  It  varies  very  mndi  in  its  con- 
stituents, in  some  places  being  dark-brown,  in  others,  grey  in  colour, 
but  everywhere  very  gritty  and  sandy,  and  full  of  scratched  pebbles, 
with  many  fragments  of  chert  Numerous  boulders  of  greenstone, 
trap,  slate,  and  Old  Red  Sandstone,  with  angular  and  snhangnlir 
masses  of  Mountain-limestone,  are  contained  in  it.  Slate  pebbles  sre 
not  common  in  this  bed,  as  in  those  at  the  Little  Orme,  Bhos,  and  Ool- 
wyn, — angular  chert  fragments  are  probably  the  most  characteristi& 
On  the  top  of  this  bed  at  Gogarth  hes  a  seam  of  great  boulders  of 
trap,  greenstone,  slate  and  Old  Bed  Sandstone,  with  massoo  of 
Mountain-limestone,  left,  in  all  likelihood,  when  the  denudation  of  iti 
upper  surface  had  washed  away  the  surrounding  clay  without  having 
the  power  to  carry  ofT  the  laiger  fragments. 

At  Dyganwy  we  find  a  low  cliff,  about  20  feet  high,  of  bladk  clay, 
which  is  evidently  derived  from  the  grinding  down  of  the  slate, 
which  crops  out  in  the  farm-road  of  Maesdu.  This  is  decidedly  the 
best  place  to  observe  ice-markings,  as  the  shore  is  covered  to  hr 
below  low-water  mark  with  great  masses  of  greenstone,  volcamo- 
ash,  conglomerates,  and  slate,  all  deeply  striated  and  finely  polished. 
These  masses  are  in  greatest  quantity  at  the  west  end  of  the  clifi^ 
becoming  fewer  and  smaller  to  the  east  end,  where  the  clayey 
matrix  changes  from  black  to  a  dull  brown,  the  result  of  a  change 
from  the  slate  to  the  lighter-coloured  ash-beds,  of  which  the  hills  of 
Bryngosol  and  Dyganwy,  lying  immediately  behind,  are  composed. 
This  Boulder-clay  I  believe  at  one  time  to  have  filled  up  sJl  the 
valleys,  and  to  have  covered  even  the  mountain-tops,  as  I  found,  at  a 
height  of  at  least  400  feet  on  the  Great  Orme,  a  greenstone  boulder, 
which  I  believe  to  have  been  derived  from  this  bed. 

The  clay  rises  in  bosses  along  the  shore,  giving  clear  evidence  of 
denudation,  and  consequent  uneonformahilUy  to  the  overlying  beds. 
It  is  now  entirely  removed  from  the  mountain-tops,  and  from  many 
of  the  valleys,  showing  that  it  must  have  been  exposed  to  a  veiy 
considerable  denudation  at  what  I  believe  to  have  been  the  close  ol 
the  Glacial  period.  It  must  then  have  been  depressed  below  the 
sea-level  for  a  considerable  depth  to  have  allowed  the  deposition  of  a 
bed  (E')  of  20  feet  stratified  grey  clay,  with  ice-scratched  pebblei 
sparsely  distributed,  which  occupies  one  of  the  hollows  in  the 
denuded  surface  of  the  bed  F  at  the  Littte  Orme.  This  stratified 
clay  is  clearly  a  denudation  bed,  derived  from  the  redistribution  of 
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the  bed  that  I  have  just  desmbed  aa  the  true  Glctciai  Botdder-day, 
Where  the  layers  of  this    (E')    stratified  clay  hare  opened  by 
weathering,  they  show  very  distinct  ripple  and  rain  marks. 

The  next  overlying  bed  consists  of  a  development  of  about  20  feet 
c^  irregular  and  false-bedded  sands  and  gravels.  I  look  upon  it  as  of 
the  same  age  as  the  stratified  gr^  clay  last  mentioned,  being  the 
shore  condition  of  the  same  period.  A  patch  of  about  five  feet  of 
green-coloured  sand  was  to  be  seen  in  the  Little  Orme  section,  lying 
above  the  red  and  yellow  sands  and  gravels,  and  with  thick  beds  of 
red  day,  false-bedded  both  with  it  and  the  yellow  sands  below.  It 
occasionally  hardens  into  a  thin  bed  of  conglomerate,  forming  a 
marked  division  on  the  diff-fSEu^e.  On  the  west  side  of  the  Little 
Orme  the  whole  bed  is  cemented  by  carbonate  of  lime  into  a  hard 
conglomerate,  masses  of  which  are  to  be  seen  on  the  shore  12  to  20 
feet  in  diameter.  The  upper  portion  is  composed  of  finer  pebbles 
and  sandy  and  forms  a  thin  band  of  hard  rock. 

After  the  shore  condition,  evidenced  by  the  last-named  beds,  had 
ceased,  through  the  deepening  of  the  water  covering  the  old  land 
scffface,  a  deposit  of— 

Bed  day  (D),  which  is  everywhere  of  one  character,  has  been 
brought  down  by  currents,  bearing  icebergs  and  icefloes,  from  the 
more  northern  regions  of  Ireland,  Cumberland,  and  Scotland,  which, 
probably  from  their  higher  lands,  still  sent  down  glaciers  to  the  sea. 
The  uniformity  of  this  deposit,  the  paucity  of  pebbles  compared  with 
the  bed  F,  the  scarcity  especially  of  scratched  pebbles,  and  the  fact 
that  it  contains  marine  shells,  as  does  also  the  (E)  gravel  bed,  all  show 
that  it  has  been  formed  under  very  different  circumstances  from  the 
glacial  bed  F,  and,  as  it  appears  to  me,  at  a  time  when  glacial  con- 
ditions were  modified  by  a  warmer  and  more  genial  climate. 

The  relative  position  of  land  and  water  was  again  altered  by  the 
elevation  of  all  the  beds  already  considered,  when  the  gravels  and 
sands  (C)  were  deposited. 

These  are  best  illustrated  by  the  great  ballast  pit  at  Colwyn,  the 
present  existence  of  which  is  explainable  by  its  occupying  nearly  the 
centre  of  a  great  valley  of  denudation  in  the  Red  Clay,  and  to  the  re- 
cess of  the  shore  between  the  hills  of  Bryn  Ewian  and  Colwyn  Head, 
the  current  passing  eastward  from  one  point  to  the  other,  not  having 
suffident  power  to  remove  the  pebbles,  once  rolled  up  in  this  quiet 
retreat  by  the  breaking  waves.  The  bed  is  exposed  to  a  depth  of 
fifty  feet,  but  this  is  evidently  short  of  the  entire  thickness. 

The  last  bed  to  which  I  have  to  call  your  attention,  is  a  small 
deposit  of  blue-black  clay,  without  pebbles,  which  is  exposed  in  tJie 
Dyganwy  section.  That  the  underlying  bed  F,  was  covered  with  the 
red  clays  (D),  I  think  there  can  be  no  doubt;  indeed,  I  conceive  the 
red  clay  to  have  covered  the  whole  district  in  one  great  sheet,  from 
end  to  end.  This  must  have  been  entirely  denuded,  and  the  black 
clay  (F)  exposed  to  a  second  denudation,  which  has  resulted  in  the 
tbin  bed  of  re-distributed  black  clay  now  referred  to.  Such  is  the 
sequence  of  the  beds. 
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I  with  to  oaU  yoar  attention  to  a  few  pointo : 

Ist.  That  eolUmr  if  no  oritenon  for  deoidiBg  m  to  iiie  GlioU  M 
F,  whiok  at  Oorarth  is  dark-brown  and  grqr;  at  Djgaawy,  aimott 
blaok;  LitUe  Ome»  daik  grey;  Bhot,  a  lig|hter  gnj»  Cdityn 
ahore,  blue;  and  Llandalas,  red-brown;  in  &eA»  the  eolonr  dependi 
npon  the  materiabi  of  wbidk  the  rooks  in  the  TieinitjarB  eompimL 

2nd.  That  the  matariala,  of  which  this  daj  is  eonmosod,  srs 
always  those  found  in  the  iiamediato  neighboiinood,  ana  vnm  As 
large  Boulders  oan  generslly  be  traeed  to  no  groat  Atanea  Thm, 
the  Gk)gaiih  elay  is  eridendy  the  result  <rf  the  giinding  down  af  ihe 
mica  s^sts  and  limestones  of  Anj^esey ,  «id  probaUy  «f  tte  MiU- 
stone  giit,  which  is  now  entirely  denuded  firom  the  diBbnot;  ihe 
greenstone,  trap,  slate,  and  Old  Sod  Sandstone  Boulders  fomd  In  it» 
being  all  traoeable  to  Anglesey  as  their  searoe.  I  may  here  remaik, 
that  this  day,  on  the  opposito  shore  of  Anglesey,  diowa  the  ssme 
composition  as  at  the  Orme,  except  Ihat  it  eontains  nnmerous  sdiisk 
pebbles,  whieh  are  wanting  at  the  Orme,  being  probably  ground 
down  before  reaehing  that  point  The  elay  east  and  west  of  the 
Little  Oime  and  at  Bhos,  shows  the  result  of  the  passage  of  the  ice 
over  the  Mountain  limestone  and  Silurian  beds,  the  latter  supplying 
the  adhesive  material  whioh  makes  the  day  here  so  mueh  smfor. 
At  Dygaawy  the  black  elay  is  from  the  underlying  slates,  and  the 
greenstone,  slato,  and  volcuiie  rook  boulders,  are  easily  traeeable  to 
the  hills  between  Conway  and  Bangor,  the  greater  sparseness  of  the 
pebbles  at  the  east  end  of  the  section  being  due  to  the  main  course 
of  the  ioe  being  through  the  valley  nearer  the  Great  Orme,  its 
current  being  retarded  eastwards  by  the  Bryngosol  and  Dyganwy 
hills,  probably  deflecting  part  of  the  ice-flow  through  the  valley  of 
the  Conway,  towards  Abergonol  and  Colwyn.  At  Llandulas  the 
reddish-brown  is  due  to  the  wearing  of  the  Old  Bed  Sandstone, 
which  is  still  found  inland,  and  many  laige  boulders  of  which  are 
seen  on  the  shore. 

3rd.  I  conceive  this  elay  to  be  the  result  of  the  pressure  and 
passage  of  land-ice,  disintegrating  the  whole  surface  of  the  country 
which  it  capped,  and  I  would  confine  the  term  "  Boutder-dof/  "  to 
this  one  bed,  believing  it  to  be  the  only  true  Olaeial  day. 

4th.  This  clay  is  invariably  denuded,  rising  in  bosses  aU  along  the 
shore,  and  having  the  superposed  beds  lying  unconformably  upon  it 

6th.  The  red  day  (D),  which  is  invariable  in  colour  and  consti- 
tuents, shows,  to  my  mind,  an  undoubted  change  of  conditions  in  the 
land  during  the  period  of  its  deposition,  being,  as  I  conceive,  ^ 
result  of  extensive  denudation  in  more  northern  regions,  spread  ovw 
the  sea-bottom  by  currents,  the  scratched  pebbles  and  bouldeis  being 
due  to  melting  or  stranded  icebergs.  I  nave  thus  endeavoured  to 
point  out,  that  with  such  different  constitoents  for  these  beds,  it  it 
time  to  adopt  some  more  definite  names  than  the  general  one  of 
"  Boulder-day,'*  which  is  commonly  applied  to  Ae  series.  Until  we 
know,  for  instance,  in  which  of  these  beds  particular  rocks  in  the 
form  of  boulders  are  found,  such  a  discussion  as  that  which  followed 
Mr.  Morton's  paper  U  useless,  as  what  is  referred  to  by  one  tmm  u 
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Boulder-day  may  be  entirely  different  £rom  that  referred  to  by  an- 
other.  This,  too,  may  be  illostrated  by  Mr.  Harmer*8  section  of  the 
Eastern  Glacial  and  Post-glacial  beds,  where,  as  you  saw,  and  in 
which  I  am  happy  to  confirm  hkn  from  personal  obserrations  in 
Holdemess,^  as  clearly  distinct  a  senes  of  beds  occurs,  as  that  I  have 
just  described.  I  differ  from  him  and  Messrs.  Borne  and  Wood,  in  con- 
sidering the  beds  above  the  Grey  Chalk  day  Glacial,  there  being  on 
the  chalk  clay  as  distinct  a  denudation  and  unconformabiHty  as  in 
the  bed  F,  in  the  Llandudno  sections.  Possibly  oar  variance  may 
arise  from  want  of  a  more  distinct  definition  of  the  meaning  of  the 
term  *'  GlaciaL"  I  agree  with  Mr.  Hughes  in  the  opinion  he  ex- 
pressed yesterday,  that  the  time  is  not  yet  come,  when  the  beds  of 
the  eastern  and  western  Drift  series  should  be  correlated ;  but  I  think 
I  already  see  evidences  of  a  greater  possibility  of  oorrdating  them, 
than  some  of  the  workers  ki  the  eastern  districts  (whose  untiring 
zeal  in  the  duddation  of  those  beds  is  above  all  praise)  are  willing 
to  admit. 

Note. — ^In  the  paper  on  Holdemess  already  referred  to,  I  insisted 
on  the  "  Grey  Qay,"  as  the  only  *'  true  Glacial  Boulder-day,"  and 
which  my  subsequent  observations  have  only  served  to  confirm. 

General  Section  of  Drift  in  neigbbourhood  of  Llandudno. 


A    Sand-dunes.    ThicknesB  very  unequal. 


B-    Blue-black  day  witbout  pebbles,  1  foot. 


G    Sands  and  graTels,  about  60  feet 


D    Bed  day,  greatest  derdopment  about  20  feet 


£    Sands  and  gravelB,  greatest  deyelopment  about  20  feet 


£'  Stratified  grey  clay,  20  feet 


F    Boulder-clay,  greatest  deTelopment  160  feet 


6    Mountain  Limestone  Bubble,  3  to  6  feet 


H    Bedded  Mountain  Limestone. 


V. — Oh  th»  Formation  of  Swallow-holbs,  ob  Pits  with  veb-' 

TiGAL  Sides,  in  Mountain-limestone.' 

By  L.  C.  Mllll,  Esq. 

rB  geologist  who  rambles  through  the  Mountain-limestone  dis- 
trict of  Yorkshire  is  sure  to  have  his  attention  arrested  by  the 
numerous  "swallow-holes,"  or  pits,  in  the  rock,  into  which  rills, 
streams,  or  even  rivers  precipitate  themselves ;  and  if  he  can  bring 
bis  mind  to  consider  the  subject  sufficiently,  without  dismissing  it  at 

>  6ee  Drift  sectbns  of  the  Holderoess  Coast,  read  before  Liverpool  Geologioal 
SodeAy,  Dec  11,  1S66,  and  published  in  their  Proceedings. 

s  B^  in  Section  C.  of  the  British  Association,  Liyerpool,  September^  \A1^. 
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onoe  by  a  refetenee  to  some  Tagiie  naftanJ  foroe^  be  will  oome  to 
peroeive  tihe  somewhat  oomidex  oo&ditums  whioh  a  oompleto  ex- 
planation mnst  satisfy. 

The  feature  which  is  most  likely  to  inmiees  him,  from  the  numba 
of  examples  whidi  he  will  meet  with  m  a  small  area,  as  wdl  as 
from  its  rarity  in  non-calcareous  strata,  is  the  perpendioolarify  of  the 
sides  of  these  cavities.  The  drift  and  allnviam  at  the  snrfiMse  msY 
have  converging  slopes,  beds  of  shale  intersected  by  ttie  ofaaam  wiU 
(mly  rest  at  low  angles,  bnt  a  swallow-hole  in  a  thick-bedded  lime- 
stone has  commonly  vertical  sides,  and  the  weatherinff  whioh  it 
undergoes  daQy  do^  not  tend  to  derange  its  general  uiape.  We 
cannot,  I  think,  dispose  of  this  pecoliarity  by  a  smnmary  referonce 
to  the  action  of  carbonic  acid  dissolved  in  rain-water.  It  is  necessaiy 
to  show  fortftier  why  that  force,  or  any  other  concerned,  should  pro- 
duce (but  only  under  conditions  whidi  are  rarely  united)  a  kind  of 
vertical  denudation. 

When  we  collect  all  the  facts  of  observation  which  relate  to 
swallow-holes,  we  find  that  the  significance  of  eeme  of  them  is  not 
immediately  obvious.  We  recollect  many  examples  of  liiese  pits 
which  have  fluted  sides,  and  some  have  also  fluted  pillars  standing 
upright  in  the  midst  We  notice  that  they  are  veiy  commonly  sunk 
through  a  layer  of  drift  or  alluvium,  which  forms  a  funnel-ahaped 
mouth,  and  often  chokes  up  the  bottom.  They  generally  receive  a 
stream  of  water,  and  always  have  an  outlet,  so  that  they  never  fill 
during  rain.  They  commonly  occur  near  the  outcrop  of  a  bed  of 
limestone,  as  might  be  expected  from  the  greater  exposure  of  the 
rock  at  such  points  to  denuding  agents. 

It  is  not  often  that  swallow-holes  are  sufiiciently  accessible  to 
render  a  minute  examination  easy.  Some  of  the  largest  in  Craven, 
such  as  Thund  Pot  and  Hellen  Pot,  are  difficult  to  approach,  owing 
to  the  steepness  of  the  drift  slopes.  There  are  easily-explored 
swallow-holes,  which  are  nearly  filled  with  debris,  and  present  only 
a  conical  pit  with  grass-grown  sides.  But  there  is  one  spot  which 
offers  every  advantage  to  the  inquirer.  Near  the  mountain-road 
which  leads  from  Hawes  at  the  head  of  Wensleydale  to  Muker  in 
Swaledale  are  several  of  these  pits  close  together.  Their  fimcied 
resemblance  to  chums  has  acquired  for  them  the  local  name  of 
"  Buttcrtubs,"  and  the  adjoining  road  is  called  Buttertubs  Pass. 
Here  we  find  a  number  of  perpendicular  excavations  in  tlie  main 
limestone  of  the  Yoredale  series.  The  limestone  is  here  about  75 
feet  thick,  and  the  pits  pass  downwards  from  near  the  top  of  the 
bed  to  its  base.  They  are  striking  examples  of  one  form  of  the 
swallow-hole,  and  present  peculiar  details  which  it  is  not  easy  to 
interpret  Some  of  them  receive  runlets  of  water,  others  are  dry. 
Tlie  sides  are  vertical,  and  generally  fluted.  We  observe  fluted 
pillars  also,  and  remark  that  the  surface  of  the  ground  is  covered 
with  drift.  On  one  side  is  a  narrow  ravine  with  a  steep  face  of  rock, 
a  few  yards  from  the  Buttertubs.  The  surface  of  the  limestone  near 
the  edge  is  bare,  or  nearly  so,  and  we  thus  get  a  good  view  of  the 
cavities  from  level  g;ro\md,  and  can  approach  or  enter  them  from  that 
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side.  Hie  floon  of  most  of  the  pits  aie  oovBred  with  debris  and 
rounded  pebbles  (cliiefly  of  sandstope),  whidi  i^^pear  to  be  derived 
from  the  drift,  and,  ultimately,  from  a  bed  of  grit  (the  ten-£Btthom 
grit),  about  150  fret  above  the  main  limestone.  The  water  which 
enters  the  holes  penetrates  the  limestone  horizontally,  and  escapes 
beneath  it  over  a  ledge  of  grit. 

We  have,  therefore,  in  these  Bottertobs  many  featores  worthy  of 
notice,  and  nnusnal  opportunities  of  investigation.  I  have  en- 
deavoured to  satisfy  myself  as  to  their  origin,  and  shall  now  ofier 
some  remarks  on  the  principal  difficulties  which  suggest  themselves. 
It  will  be  convenient  to  regard  them  as  the  type  of  that  kind  of 
swallow-hole  whose  mode  of  formation  1  shall  first  describe.  It 
will  afterwards  appear  that  ibere  is  another  and  quite  distinct  sort 
of  swallow-hole,  whose  walls  are  only  fluted  in  a  few  instances  and 
to  a  trifling  extent  They  seem  to  be  due  to  a  different  set  of  causes 
alt(^ther. 

On  searching  for  some  indication  of  the  way  in  which  the  Butter- 
tabs  had  been  formed,  I  was  led  io  examine  a  miniature  swallow- 
bole,  near  the  road.  Here  is  a  little  grotto  overhung  by  turf,  which 
mats  together  the  day  and  pebbles  of  the  drift.  From  this  spongy 
roof  water  drips  incessantly  upon  a  ledge  of  rock  two  feet  below.  It 
has  excavated  a  concave  surface  or  cup,  which  contains  a  number  of 
small  pebbles  smoothed  by  friction.  These  pebbles  are  not  of  lime- 
stone, but  of  sandstone,  and  probably  come  from  the  ten-fathom  grit, 
which  makes  a  low  escarpment  higher  up  on  the  side  of  the  glen. 
We  hear  the  rattle  of  the  pebbles  amidst  the  plash  of  the  falling 
water,  and  recognize  in  the  sound  evidence  of  continual  abrasion ; 
slow  indeed,  but  more  rapid  than  the  action  of  water  upon  a  uniform 
surface.  The  ledge  is  being  gradually  lowered,  and  as  the  exca- 
vation proceeds  it  leaves  a  scar  upon  the  face  of  the  limestone  wall, 
semicylindrical  and  with  sharp  edges,  such  as  would  be  cut  by  a 
gouge.  Close  by  are  a  score  of  similar  grooves,  all  formed  in  the 
same  way ;  some  long  completed,  but  still  sharp  and  clear,  others 
now  in  process  of  excavation.  Elsewhere  we  see  the  same  force  at 
work  on  a  larger  scale,  but  a  little  disguised  by  accidents  of  situation 
or  of  rock-form,  and  we  find  in  th^  cascades,  nourished  by  the 
accumulated  moisture  of  a  retentive  soil,  and  aided  in  their  work  by 
the  pebbles  which  have  fallen  into  the  basin,  a  possible  source  of  the 
flutings  which  cover  the  vertical  faoes  of  the  pits  and  of  the  isolated 
pillars. 

Further  observation  justifies  the  conclusion  that  these  large  and 
deep  cavities  are  indeed  thus  produced,  but  questions  and  difficulties 
arise  which  can  only  be  removed  by  an  examination  of  the  details  in 
the  closest  manner.  The  regular  supply  of  dripping  water  from  the 
same  point,  the  connexion  of  the  pits  with  joints  or  fissures,  and 
the  association  of  some  of  their  most  remarkable  features  with  one 
kind  of  rock,  and  one  only, — these  all  require  elucidation  before  we 
can  fully  understand  how  so  insignificant  a  cause  can  lead  to  such 
conspicuous  results. 

I  do  not  recollect  an  example  of  a  swallow-hole  of  this 
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where  the  larfiBKse  around  haa  not  been  oorered  with  alliiTiiim  ov 
drift  to  a  oonsidflsable  depth.  On  a  bare  limeatone  plaleaii,  aooh  « 
the  edge  of  Malham  Ck)ve,aBdalaoinnon^)aloare(wagtrala»  thej«pti 
weather  into  fiasurea,  often  broad  and  deep,  and  wa  may  find 
flntingB  of  TarioiiB  sizea  formed  aa  rhannela  for  trioUing  water,  but 
the  pits  do  not  aasume  the  same  ahape^  nor  are  the  flatuiga  Wtioal 
and  sharp-edged.  The  similaritj  of  theae  two  kinda  of  exoaTationa 
is  of  a  verj  general  kind ;  and  when  we  oome  to  deteila  it  ia  aoon 
dear  that  the  Buttertabs,  for  instanoe,  are  doe  to  oanaea  leaa  aimpie 
than  the  mere  abrading  or  dissolving  action  of  mnning  water.  Oon* 
stant  drip  from  a  tolerable  hei^t  upon  Hie  same  idaoe»  and  the 
friction  of  loose  pebbles  in  the  reoeiymg  basin,  appear  to  be  necas* 
sary  to  the  production  of  their  dhaiacterisiio  featuresy  and  these 
agents  of  waste  are  traceable  to  the  thick  alluvial  covering.  Its 
absorbent  character  enables  it  to  act  as  a  sponge,  retaining  the  rain- 
fall, and  distributing  it  slowly  and  regularly.  The  overhang  of  the 
turf  gives  the  drops  an  uninterrupted  fall,  and  the  sand  and  pebUes 
which  fall  from  it  help  to  grind  the  concave  surface  below,  uk  some 
cases  I  have  noticed  that  on  the  sides  where  drift  still  liea  thick  the 
flutings  are  sharp  and  still  forming,  while  in  another  place,  where 
the  edge  of  the  pit  has  been  long  bared,  we  have  a  moe  of  rock 
weathered  irregularly,  and  losing  ito  grooved  appearance  till  it 
passes  into  a  plain  limestone  escarpment 

We  must  not  forget  the  important  influence  exerted  by  those 
vertical  divisions  of  the  rook,  formed  subsequently  to  depositioii, 
which  are  known  as  jointe.  In  mountain  limestone  these  are  com- 
monly conspicuous,  though  not  dose-set,  except  in  a  thin-bedded 
stratum,  and  they  are  more  regular  than  in  most  sandstones.  Lime- 
stone is  rarely  false-beddod,  and  ite  homogeneous  character  favoun 
the  production  by  expansion  and  contraction  of  rectangular  dividing 
planes.  To  these  crevices  rain  and  air  get  access,  and  enlarge  the 
cracks  into  fissures.  The  edge  of  many  a  limestone  cliff  is  thus 
broken  up  into  cubical  blocks,  and  this  is  all  when  the  sole  weather- 
ing agent  is  equally-distributed  rainfdl.  But  when  the  drip  firom 
a  spongy  mass  of  alluvium  and  turf  forms  the  little  cascades  de- 
scribed above,  we  have  a  tendency  to  produce  new  and  irregular 
forms  by  the  repeated  excavation  of  semicylindrical  grooves  in 
various  parts  of  the  vertical  faces  of  rock.  The  pit  enlarges  uncer- 
tainly, but  generally  tends  to  a  circular  form,  leaving  now  and  then 
isolated  pillars^  which  may  rise  from  a  ledge  in  the  pit  or  from  the 
floor  itself,  according  as  they  have  or  have  not-  continued  to  be  acted 
upon  in  the  same  way  as  the  surrounding  masses.  A  small  pillar 
from  which  the  cap  of  alluviun  has  been  swept,  while  the  swdlow- 
hole  has  not  ceased  to  grow  deeper,  shows,  by  ite  attachment  to  the 
adjacent  rock  at  a  greater  or  less  depth,  when  ite  base  has  been 
removed  from  the  generd  waste.  What  happens  after  this  depends 
upon  the  accidents  of  the  place.  The  si;i^ow-hole  may  enlarge 
indefinitely,  following  the  course  of  the  prindpd  fissures  or  extend- 
ing itself  independently,  and  becoming  more  or  less  circular.  In 
other  cases  ite  enlargement  is  arrested  by  the  fall  of  the  alluvium,  or 
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by  the  ooUeotion  of  the  rainfall  into  one  channel.  Its  sides  become 
less  uniformly  Tcrtical,  the  frost  detaches  blocks  of  stone,  and  we 
get  a  shallow  pit  filled  with  loose  rocks  and  pebbles,  and  often 
gzass-grown. 

Sobterranean  channels  are  exceedingly  common  in  a  Mountain-lime- 
stone district.  They  are  generally,  and  no  doubt  correctly,  assigned 
to  the  action  of  water  passing  along  fissures  of  the  rock.  These 
concealed  water-courses  appear  to  be  necessary  to  the  formation  and 
preservation  of  every  sort  of  swallow-hole.  They  carry  off  the 
nains  of  sand  and  particles  of  mud  which  would  otherwise  accumu- 
late so  as  to  check  further  excavation,  and  may  help  to  enlarge  the  pits 
by  their  undermining  action,  causing  an  occasional  slip  or  subsidence. 

It  remains  to  consider  why  these  singular  cavities  occur  only  in 
Mountain  limestone.  It  will  be  seen  that  three  conditions  at  least 
are  essential : — 1st.  Abundant  jointing,  which  facilitates  the  pro- 
duction of  fissures ;  2nd.  Eeady  escape  of  water,  which  is  piuily 
e£fected  by  the  fissures,  and  partiy  by  the  power  of  rain-water,  to 
excavate  calcareous  rock;  and,  3d.  Alluvium  or  drift  to  discharge 
the  collected  rain  in  a  suitable  manner.  The  last  of  these  conditions 
may  be  present  in  any  place,  irrespective  of  its  stratigraphical 
character;  the  fissured  structure  occurs  in  many  rocks  otiier  than 
limestones,  but  is  rarely  so  conspicuous  as  in  Mountain  limestone, 
which  is  also  peculiarly  porous,  owing  to  the  solvent  action  of  rain- 
water, charged  with  carbonic  acid,  upon  carbonate  of  lime.  The 
homogeneous  character  of  that  rock,  too,  enables  it  to  be  cut  readily 
into  definite  shapes.  For  the  same  reason  that  a  crystalline  marble 
yields  to  the  chisel  more  accurately  than  a  stratified  sandstone  or 
flagstone,  it  obeys  the  abrading  forces  of  nature  more  completely,  and 
exhibite  upon  ite  hard  and  compact  surface  sharp  grooves  which  have 
been  cut  in  it  by  water  or  agitated  pebbles.  I  show  here  a  specimen 
of  limestone  from  the  brook  below  the  Buttertubs,  in  which  we  see 
cut  distinct  and  sharp  the  channels  of  the  little  streams  which  have 
been  deflected  right  and  left  by  a  minute  projecting  fragment  of 
shell  or  encrinite.  Hard  as  it  is  to  wear,  the  absence  of  definite 
arrangement  in  its  texture  renders  it  reckdy  to  assume  the  precise 
form  which  the  slight  inequalities  of  pressure  and  friction  tend  to 
impose.  Granite  does  not  produce  such  swallow-holes  as  these,  be- 
cause it  is  too  impervious  to  water  ^ — ^its  cavities  (imless  they  are 
merely  enlarged  fissures)  are  occupied  by  pools,  and  not  by  cascades. 
Chalk  is  too  crumbly  to  preserve  a  vertical  face  against  falling  water,' 
while  sandstones,  flagstones,  and  slates  are  fissUe,  and  conduct  the 
rills  along  channels  which  take  the  direction  of  the  planes  of  readiest 
deoomposition  rather  than  of  the  lines  of  quickest  descent^ 

^  In  the  discussion  which  followed,  Prof.  Ansted  referred  to  swallow-holes  occnrring 
in  granite  in  Sark  and  Cephalonia.  Enlarged  fissures  and  pits,  which  receive  streams, 
are,  doubtless,  to  be  met  with  in  strata  of  aU  sorts,  but  swallow-holes  of  the  first  class 
described  in  the  paper,  whose  characteristio  features  are  yertical  sides,  fiuted  surfaces, 
and  isolated  pill^^  are  belieyed  by  the  author  to  be  restricted  to  a  few  formations  only. 

*  See  Prestwich's  paper  on  swallow-holes  on  the  Chalk  hills  near  Canterbury. 
Qnarterly  Journal  Geological  Society,  x.  p.  222. 

>  In  tne  diBCUsdon  Mr.  H.  Woodward  cited  the  case  of  underground  rivers  in  the 
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Hie  kind  of  swallow-liolje  "wtaA  I  haTe  just  deeoribed  if,  in  dl 
important  respeotB,  comparable  to  the  moo^^  Wehaiie 

in  both  theoonditiona  of  homogeneity  of  rodkorioe,  of  manyfianrsii 
of  a  leady  escape  of  water  throng  or  beneath  the  exoavated  nuM, 
and  of  an  equable  supply  of  water  over  a  considerable  aur&oe. 

We  come  next  to  the  consideration  of  Ihe  second  class  of  swaUow- 
holes,  whose  existence  is  due  to  subsidence  of  an  nndermined  crosl; 
and  not  to  direct  excavation. 

Qeologists  are  fEuniliar  with  the  long  caivamB  of  moontain  lime- 
stone districts.  In  the  migontj  of  oases  they  are  fissures  enlarged 
fay  the  nmning  water  which  passes  along  them.  Ingleborong^  Care 
is  upwards  of  700  yards  in  length,  and  appears  to  traverse  part  of 
the  course  of  two  or  three  parallel  fissures,  the  intervening  rock 
being  tunnelled  through  several  times.  Many  instances  occur  of 
subsidence  of  a  portion  of  the  roof  of  such  a  cavern,  and  it  is  not  un- 
common to  find  several  openings  into  the  same  subterranean  channel. 
In  Hellen  Pot,  near  Horton,  in  Bibblesdale,  there  are  at  least  three 
such  shafts.  When  we  find  a  long,  irregularly  arched,  paaBage,  acme- 
times  opening  into  lofty  chambers,  and  presenting  at  inte^krvals  large 
apertures,  beneath  which  the  fioor  is  encumbered  with  great  blocks 
of  limestone,  we  naturally  conclude  that  the  cavern  was  first  fimnsd 
by  a  stream  of  water,  and  that  weak  parts  of  the  roof  have  aabse- 
quently  fiJlen  in.  This  I  believe  to  be  the  true  intecpretation. 
The  sides  of  such  chasms  are  only  rarely  and  incidentally  fluted ;  flie 
aperture  does  not  ramify  irregularly  along  the  course  of  the  fissures; 
there  are  no  isolated  pillars.  Many  of  them  have  no  drip  of  water 
from  the  surface ;  others  are  worn  to  a  slope  or  a  spout  on  one  side 
by  the  entrance  of  a  mountain  stream.  Near  Settle  there  is  a  slight 
depression  in  the  ground  at  a  place  called  Bobin  Hood's  MilL  Here 
a  rumbling  noise  is  continually  heard  which  resembles  the  rush  of 
water  underground.  I  imagine  that  at  this  spot  is  situated  the  ex- 
panded part  of  some  hidden  water-course,  which  may  be  sooner  or 
later  converted  into  a  shaft  by  yielding  of  the  roof. 

Swallow-holes  of  this  second  species  frequently  occur  in  a  line 
sometimes  in  a  ring  round  a  hill-side.^  They  are  most  abundant  in 
the  lower  scar  limestone,  rarely  occurring  in  the  thinner  limestones 
of  the  Yoredale  series.  The  formation  of  the  long  caverns  is  favoured 
by  the  great  horizontal  partings  which  mark  the  scar  limestone.  In 
the  regularity  and  great  extent  of  these  partings  of  the  thick-bedded 

Chalk  beneath  Norwich,  which  had  been  tapped  by  the  deep-main  sewers  lateljr  con- 
structed, and  which  had  proTcd  almost  insurmountable  obstacles  to  the  completion  of 
the  works.  He  also  mentioned  the  case  of  a  sndden  sinking  of  land  at  Lexham, 
Norfolk,  upon  the  farm  of  Henry  ChUds,  Esq.,  leaving  a  deep  circular  depression 
in  the  field.  A  ploughman,  plough,  and  pair  of  horses  at  work  in  the  ^eid  were 
carried  down  with  the  land,  but  were  proTidentially  rescued,  without  harm,  from  a 
depth  of  twenty  feet  or  more.  Such  pits,  he  remarked,  were  evidently  the  result  of 
the  falling  in  of  the  roof  of  one  of  these  deep-flowing  rivers  in  the  ChalV  beneath. 

'  Prof.  Phillips  mentions  a  glen  formed  oy  a  line  of  ancient  subterranean  caverns. 
The  subsidence  of  the  roof  appears  to  have  ork^ndly  determined  the  direction  of  the 
watercourse.  See  paper  on  Formation  of  YalleyB  near  Kirby  Lonsdale,  British 
Association  Reports,  1864. 
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limestone,  we  have  a  soggestioii  of  deep  sea  deposition,  as  well  as  an 
explanation  of  the  constant  association  with  the  lower  scar  limestone 
of  cavities  of  subsidence. 

We  are  not  without  direct  eiddence  to  show  the  possibility  of  the 
sudden  formation  of  a  pit  by  the  fisdl  of  ground  which  had  been 
undermined  by  water.  About  a  mile  to  the  north  of  Bipon,  near  the 
river  Ure,  are  a  number  of  pits  or  hollows,  fifty  to  a  hundred  feet  in 
diameter,  and  in  some  cases  as  much  as  seventy  feet  deep.  They 
are  commonly  of  conical  shape,  some  are  perpendicular  shafts.  The 
majority  are  sunk  through  the  New  Red  Sandstone,  which  here  over- 
lies beds  of  Bed  Marl,  gypsum,  and  Magnesian  limestone.  In  a 
paper  read  before  the  West  Bi^ng  (Jeological  Society,  the  Bev.  J. 
S.  Tute  has  placed  upon  record  several  accounts  given  by  eye- 
witnesses of  the  sudden  production  of  these  pits.  In  1860  the  Bev. 
F,  H.  Dunwell  observed  the  falling  in  of  a  pit  69ft.  deep  and  22ft. 
wide.  Twenty  jears  ago  one  fell  in  at  Sharrow  during  the  night. 
Forty  years  ago  a  stack  upon  which  some  men  were  working,  near 
Bishop  Monkton,  disappeared,  and  its  place  was  occupied  by  a  hole 
which  still  remains.  These  pits  are  undoubtedly  due  to  the  yielding 
of  the  ground  above  a  large  hollow  or  cavern,  but  the  difficulties  of 
observation  are  so  great  as  to  prevent  a  full  comprehension  of  the 
circumstances  of  excavation.  Mr.  Tute  is  of  opinion  that  the  sub- 
terranean waste  has  gone  on  in  the  Bed  Marl  and  gypsum  beds.  I 
should  myself  incline  to  believe  that  caverns  in  the  Magnesian  lime- 
stone have  undermined  the  ground. 

In  many  parts  of  Craven,  particularly  in  Chapel-le-Dale  and 
Bibblesdale,  there  are  stories  of  chasms  suddenly  formed,  but  I  have 
as  yet  been  unable  to  authenticate  any  of  these  accounts  by  the 
testimony  of  eye-witnesses.  If  attention  is  once  called  to  the  point, 
well-attested  cases  will  quickly  accumulate.    (See  note  ante  p.  518.) 

It  is  easy  to  imderstand  that  swallow-holes  formed  by  subsidence 
may  be  much  disguised  by  the  superficial  character  of  the  ground. 
Some  of  the  large  conical  depressions  without  an  outlet,  which  occur 
in  a  calcareous  district,  may  be  due  to  the  yielding  of  undermined 
rock  beneath  a  thick  mass  of  drift.  I  am  inclined  to  adopt  this 
explanation  of  many  basins  which  occur  in  the  Glacial  drift  of 
Craven,  especially  with  regard  to  such  as  are  pervious  to  water. 
Some  of  the  most  remarkable  of  these  occur  near  Kirby  Lonsdale, 
at  the  entrance  to  Underley  Park.  I  do  not  know  that  Mountain 
limestone  underlies  them,  though  it  is  plentiful  close  at  hand,  for 
the  thick  superficial  deposits  and  the  large  faults  which  disturb  the 
district  render  it  unsafe  to  infer  that  such  is  the  case.  But  the 
supposition  is  not  improbable,*  and  if  it  should  be  confirmed,  we 
may  find  in  the  hypothesis  of  concealed  swallow-holes  a  less  ad- 
venturous explanation  of  these  singular  excavations  than  one  which 
has  gained  currency,  viz.,  that  large  blocks  of  ice  have  been  heaped 
round  with  drift,  and  afterwards  melted.   Around  Ingleborough,  and 

1  In  the  subsequent  discussion,  Mr.  T.  McK.  Hughes,  of  the  Geological  Survey, 
gave  his  opinion  that  the  strata  beneath  these  hollows  were  Devonian  and  non- 
calcareous.    He  also  supported  the  ice  theory  mentioned  in  the  pa^er. 
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also  near  Silyerdale,  axe  many  oonioal  and  diy  pita  in  Glacial  drift* 
where  the  aabjaoent  atrataare  imdonbtedly  oaloazeona  and  fnqnmOj 
pieroed  by  awallow-holea. 

It  ia  worih  while  to  aeparate  the  two  aorta  of  ezoa^ationa  which 
have  been  deaoribed.  They  are  locally  known  aa  *'  bnttertuba"  and 
"pota."  If  it  be  neoeeaary  to  find  terma  more  pzeciae  and  dignified, 
they  may  be  diatingiiiahed  aa  ^^oavitiea  of  eroaiott  "  and  ^'oaYitiea  of 
aabeidenoe." 
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Sm, — Hie  OsoLOOiOAL  MAOAzma  for  Angast*  p.  894,  oontaini 
a  report  of  a  paper  communicated  by  the  Bev.  J.  If.  Mello  to  the 
Qeological  Society,  on  the  22nd  Jane,  1870,  on  the  aboye  sabject 
On  the  7th  September,  1869, 1  had  the  honour  to  read  a  paper  on 
the  same  subject  to  the  Natural  Science  Section  of  the  Nottingham 
Literary  uid  Philosophical  Society.  Hence  I  beg  to  claim  priority 
in  publication  on  behalf  of  the  above  Society.  Apart  from  thia, 
I,  of  course,  do  not  complain  that  Mr.  Mello  should  happen  to  select 
a  very  interesting  section  like  that  in  Tideswell  Dale,  no  doubt  being 
quite  unaware  that  I  had  already  published  an  account  of  the  same. 
The  sole,  though  rather  dubious,  deduction  that  the  author  ia  reported 
to  have  made,  is  "  that  the  columnar  clay-bed  may  jm-hapt  be  a 
local  development  of  that  which  forms  partings  in  the  limestone 
near  Litton  Tunnel."  In  my  paper  (extracts  of  which  I  inclose)  I 
endeavoured  to  account  for  the  clay-bed,  or  rather  mass,  in  another 
way,  and  was  at  some  pains  to  prove,  or  to  try  to  prove,  that  the 
bed  in  question  was  not  a  thickened  clay  parting,  much  less  a  series 
of  partings.  I  do  not  know  whether  Mr.  Mello's  paper  is  correctly 
represented  by  the  very  brief  account  you  give,  but  die  Section  was 
of  opinion  that  my  paper  deserved  a  fidl  report 

I  was  so  much  interested  in  what  I  saw  in  one  day's  trip  that  I 
determined  to  visit  the  district  again  and  examine  the  igneous  rocks 
of  the  Derbyshire  Carboniferous  Limestone  more  thoroughly.  The 
opportunity  has  not  again  occurred.  I  can,  however,  conscientiously 
recommend  the  task  to  those  of  your  readers  who  are  conveniently 
situated  for  the  purpose  or  who  have  time  at  their  dlsposaL 

EnwABo  Wilson. 

Hall  Street,  Shbewood,  Notts^  10  Auo.,  1870. 

*'  On  the  west  side  of  the  Dale  (Tideswell),  at  the  same  leyel  as, 
and  almost  directly  opposite  the  marble  quany,  I  found  a  veiy 
curiously  filled  up  cavity  in  the  ]imest(Hie,  exposed  in  the  cutting 
of  the  road  along  the  hill-side.  At  the  base  limestone,  highly  fossil- 
iferous  beds,  two  to  three  feet  thick,  minor  joints  confined  to  single 
beds ;  above  lies  an  apparently  imperfectly  laminated  bond  of  yel- 
lowish clay,  which,  at  one  or  two  places,  dips  down  into,  and  fills  up, 

^  The  publication  of  tius  communication  has  been  unavoidably  delayed  firom  want 
of  space. 
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the  space  between  tbe  jointed  limeatone  blooke.  Into  the  largest  of 
these  clay-lined  baaas  is  protruded  a  ton^e  of  Tesicolar  toodstoiie  (im- 
perfectly oolamnar),  and  one  tide  of  the  toadstone  tongae  is  ooated 
with  a  thiokish  mass  of  red  cl&y,  identical  in  teztnre  with  that  found 
in  the  marble  qaanf  (?ig-  2)  and  the  distriet  generally  (see  Fig.  1). 


V.B.^ — The  flvnm  La  both  Hotloiu  oonwncid.  7\g- 1  bu  nallT  i  HulAlreiilkr  oatilad,  Uk* 
■  null  nmrhitbHtn,  bat  i*  repfnttd  u  If  It  bid  >  plui«  rarhe*  Vka  Fig.  1. 

Height  of  section  12fL,  length  20ft  I  hazarded  the  conjecture 
that  the  cavity  was  a  natural  irregularity  in  the  Carboniferous  Lime- 
stone Bea  bottom,  that  a  votcanio  eruption  ensued,  preceded  by  showen 
of  asbes,  that  these  latter  sank,  and  being  arranged  by  marine  currents 
would  naturally  accumulate  in  the  hollow,  the  eruption  oontianed,  a 
mnd  flow  next  ensued  (the  so-called  red  clay),  just  as  rivers  of  mud 
have  poured  in  modem  times  from  Vesuvius,  the  Tolconoee  of 
Java,  etc.  This  succeeded  in  fotoing  itself  into  the  basins  of  ashy 
matter,  and  was  in  turn  succeeded  by  the  true,  probably  chiefly 
if  not  entirely  submarine,  lava  (or  toadstone)  flow  (or  flows),  whio£^ 
on  account  of  its  greater  density,  forced  a  passage  for  itself,  be- 
tween the  plostio  oUy  and  ash,  aa  shown  in  the  seotioQ,  before 
hardening.  Grossing  liie  Bale  we  inspected  the  quarry.  The  base 
there  was  also  oompaot  horizontal  ooralliue  marble,  about  6ft.  ex- 
posed. Directly  above  comes  a  nau  of  deep  red  clay,  6ft.,  compact 
below,  but  in  ita  upper  portion  taking  on  a  very  distinct  columnar 
stracture,  the  columns  ^rarying  from  1  to  6  feet  in  length,  and 
showing,  in  cross  section,  square  pent^;onal  and  irregular  hexago- 
nal forms.  It  appeared  at  first  glance,  on  entering  the  quarry,  a> 
if  a  number  of  men  had  been  working  with  the  pickaxe  in  soft 
clay.  Closer  inspection,  however,  shows  the  regularity  and  a  certain 
duplex  contortion  of  the  columns  (see  Fig.  2). 

This  band  has  not  the  slightest  trace  of  lamination  either  la 
the  columnar  or  non-columnar  portion,  but,  on  the  contrary,  is  ir- 
regularly veined  and  streaked  with  a  softer  greenish-white  scaly 
material,  apparently  of  a  chloritic  or  taloose  nature.  Above  this  lies  a 
considerable  mass  of  toadstone,  which  consists  in  ascending  order  of — 

3.  Sooriaoeons  band,  dark  earthy  and  porous  0  ft.  4  in. 

4.  Toadstone  amygdaloidal  blending  into  0  ft  2  in. 

5.  Toadstone  vesicular  blending  into  0  ft.  8  in. 
€.    Toadstone  amorphous  basalt  to  surface  (about),    16  ft.  Oin. 

(the  total  thioki^  when  ondeaadad  mtki^  «icim^  ^  ^ 
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"  The  entin  Motion  expoMd  vonld  thu  ba  about  81  ft.  Tbe 
oolnnms,  if  exposed  for  ■ome  time  to  the  atmo^here,  weether  to  a 
oolonr  aimilar  to  that  of  the  toadstone  (maty  iron  with  graen 
Uotohea).  The  tmweathered  toadatone  is  here  a  dnll  olive  gnan. 
^le  red  olav  maaa  is  undoubtedly  tibe  oontiiiiiation  of  ttiat  oo- 
ue  prarioiu  aeotion  (Ilg.  I),  and  I  hAve  proved,  by 


~  ~fCi)>lv>>U«i'or~fliDm  Bme'ia  In  SKiioo,  Vit-  1,  p-  »>.) 

finding  fragmentol  columns  in  other  portions  of  the  Dale,  that  its 
development  is  coextensive  with  the  toadstone  in  this  locality.  I  am 
aware  that  there  is  an  upper  elag  (?)  band  not  represented  in  this 
district  also  in  connexion  with  the  toadstone ;  but  I  am  not  aware 
of  any  locality  whore  these  clay-banils  are  present  and  the  toadstone 
wanting.  I  noticed  that  there  were  no  clay  partings  in  the  lime- 
stone, though  we  do  oocasionally  find  thin  clay  partings  in  it; 
the  thickest  that  I  have  ever  heard  of  is  only  S  inches,  or  not 
one-tenth  the  thickness  of  this  clay  band.  There  is,  besides,  no 
intermiztare  of  shales,  false  bedding,  or  other  impurity  or  inegu- 
larity  in  the  strata,  as  in  the  mora  littoral  South  Derbyshire  equiva- 
lents of  the  upper  part  of  this  formation  ;  nor  shoidd  we  expect 
this,  as  in  the  neighbourhood  of  the  High  Tor,  Derbyshire,  the 
behest  toadstone  is  oovered  by  150  feet  of  almost  pure  limestone, 
indicating  the  continuation  of  deep  sea  conditions  for  a  considerable 
period  after  the  formation  of  this  elay  {?)-bed." 

Without  entering  more  into  details  at  present,  I  will  select  two  quo- 
tations &om  Lyell,  as  bearing  on  this  subject,  contained  in  my  paper : 

"At  the  summit  of  the  I.  of  Cyclops  a  mass  of  stratified  cloy 
with  occasional  arenaceous  lamioie  rests  on  [intrusive)  columnar  lava. 
In  some  places  the  overlying  clay  has  been  greatly  altered  and 
hardened  by  the  igneous  rock,  and  oeoaixonally  ootUorted,  hut  tlM  lamtna- 
tim  ii  rmdirMl  more  eontpitmmt." 
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"In  Madeira  and  the  Canary  Islands,  streams  of  lava  of  snb- 
aerial  origin  are  divided  by  bands  of  red  laterite,  probably  ancient 
soils  formed  by  the  surface-decomposition  of  lava  currents ;  many  of 
these  owe  their  red  colour  to  atmospheric  action  on  the  oxide  of  iron, 
but  others  are  burnt  into  a  red  brick  by  the  overflowing  of  heated  lavas. 
These  red  bands  are  sometimes  prismatic,  the  small  prisms  being  at 
right  angles  to  the  sheets  of  lava." 

I  believe  the  only  plausible  alternative  to  my  view  is  that  these 
red  clay  bands  are  either  greatly  decomposed  and  rearranged  ash  or 
lava  accumulations,  but  if  this  were  the  case,  should  we  not  expect 
to  find  a  certain  intermixture  of  oiganic  remains,  for  corals  are 
found  actually  projecting  into  the  ashy  matter  of  liie  first  section, 
and  are  most  plentiful  on  the  same  horizon  as  this  cavity  and  in  the 
beds  above  the  toadstone.  E.  Wilson. 
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By  6.  H.  M oBToir,  F.6.S.,  etc 

REFERBING  first  to  the  graiend  geology  of  the  neighbourhood  of 
Liverpool,  Mr.  Morton  said  that  oonsiderable  attention  had 
been  directed  to  it  since  the  former  meeting  of  the  British  Associa- 
tion in  the  town,  in  1854. 

At  that  meeting,  Mr.  Edward  Hull,  F.G.S.,  exhibited  the  first 
authentic  section  of  the  Triassic  strata  across  the  district  which  he 
had  then  just  surveyed.  The  map  of  the  Government  Greological 
Survey,  published  immediately  afterwards,  was  of  great  value  to 
local  geologists ;  and  although  sixteen  years  of  continued  observa- 
tions render  a  few  corrections  necessary,  they  were  of  a  trivial 
character,  and  not  of  sufficient  importance  to  bring  before  the  Section. 
A  deep  railway  cutting  has  very  recently  opened  a  portion  of  the 
Middle  (or  pn>ductive)  Coal  strata  between  Eainhill  and  St.  Helen's, 
and  an  extraordinary  variety  of  Carboniferous  plants  and  fish  remains 
have  been  found.  The  most  important  progress,  however,  in  local 
geology,  has  resulted  from  the  examination  of  the  superficial  or  Drift 
deposits  which  cover  the  country,  and  the  discovery  of  the  glaciated 
condition  of  the  surface  of  the  Sandstone  beneath. 

It  was  to  the  latter  subject  that  Mr.  Morton  now  drew  special 
attention.  After  pointing  out  the  sub-divisions  of  the  Glaci^  and 
Postglacial  Deposits,  he  remarked  that  it  was  only  when  the  Boulder- 
clay  has  overlain  the  striated  rock,  that  the  scratches  were  preserved. 
This  Boulder  deposit  is  the  dark-red  clay  so  extensively  used  in  the 
neighbourhood  for  brick-making.  It  seldom  contnins  fragments  of 
local  origin,  but  always  hard  rocks,  such  as  quartzite,  granite,  green- 
stone, basalt,  and  slate. 

In  1859,  Mr.  Morton  described,  for  the  first  time,  to  the  Literary 
and  Philosophical  Society  of  Liverpool,  evidences  of  the  action  of 
ice  on  the  Sandstone  in  this  neighbourhood.  Having  at  that  time 
only  found  such  indications  in  a  single  locality,  he  attributed  the 
striated  surfcuse  to  the  grounding  of  an  iceberg  in  the  Glacial  sea. 
In  1866,  having  foimd  several  additional  exam[>les  of  this  glaoiation 
on  both  sides  of  the  river,  but  at  no  great  distance  from  it,  he  began 
to  entertain  the  opinion  that  a  glacier  had  descended  the  valley  of 
the  Mersey  during  the  early  part  of  the  Glacial  Period,  and  made  a 
communication  to  that  effect  to  the  Liverpool  Geological  Society. 
Lately,  however,  he  had  discovered  similar  evidences  of  ice-action  at 

^  Read  before  the  British  Anociation  (Section  C.)  at  LiTerpool,  September,  1870. 
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greater  eloTstions,  mveral  miles  from  the  river,  and  had  conBeqnently 
been  corapolled  to  adopt  n  new  theory,  which  is,  that  a  great  sheet  of 
ice  once  travellod  over  this  part  of  the  country,  from  Iho  S.E.  toward* 
the  N.W.     The  oourM  of  the  ice  seems  to  have  been  only  slightly  J 
influenced  by  the  inequalitiea  of  the  gronnd.     It  was  when  the  land  .1 
was  higher  than  it  is  now.  and,  consequently,  when  there  wns  ft  g 
longer  dope  towaida  the  Iriita  Bea- 

Tim  looitlitiea  axfailnting  •tarktad  anrfacee,  were  indicated  on  j 
«  map,  the  most  distant  bong  about  nine  miles  from  Liverpoii  J 
They  naturally  gronped  tlumidTW  into  six  areas,  each  of  which  lSx„M 
Uorton  very  oorefally  itmt^SbeA,  and  they  occurred  indifferently  OD  J 
ttw  BmttaraiidKcnperdrriakmaoftii*  Triaa.  I 

A—miiftg  ^10  g^tia^axm  of  the  larikce  of  the  rocks  around  Livsp-f 
pool  to  have  ooooired  bafora  the  aobmei^nce  of  the  land  at  the 
begiimiiig  of  the  Glacial  Period,  and  afterw^s  covered  with  Bonlder- 
olay,  dented  by  ioeben;B  or  fidd-ios,  nnte  poitiaM  mart  haire  be«B 
denuded  dnrina;  Iha  aDbndenoa,  *h<"g^'  Ine  deutdatioB  tiiat  took 
plaoe  Beems  to  axn  been  inoonaidenbU.  TW  only  tHunHaa.  la  tfaa 
oontoDT  of  the  land  uemi  to  have  been  the  rednoed  ckrabpn  of  tta 
low  ranges  of  hilli,  which  tiaTene  the  diabict  in  the  nme  ^■— i***" 
oa  the  ioe  aeema  to  have  done.  It  is  a  iringnlni-  ooiiicideBoa  Aat  tte 
strike  of  the  strata  is  the  same  aa  the  lopposed  oonrae  (^  tliaiaa^  Md 
ttiat  the  form  of  the  gronnd  nuty  be  aooonnted  for,  eitliv  byvainand 
rivers,  or,  b^  the  scooping  power  of  ioe.  lite  direotion  of  tiie  ted 
Sazidatone  ndgee,  with  interveaung  valleys  in  die  softer  atxatat  vonld 
support  either  conclusion. 

Finally,  there  waa  little  doubt  that  the  ooantry  aroond  Liveqiool 
waa  once  covered  by  a  great  ioe-aheet,  at  a  time  when  the  land  waa 
some  hundreds  of  feet  higher  than  it  ia  now,  and  that  it  afterwards 
subsided  beneath  the  sea,  when  Sootiog  ioe  bronght  from  the  billi 
of  the  lake  district  and  Scotland  d6bris,  which  beotune  soattesed  ovsr 
the  ice-grooved  rooks  in  tlie  form  of  Boulder-olay. 


n. — On  thx  Modntahi  LutErroNa  or  FuNTraiax  akd  pabt  of 

DmBioHSmaa.' 

By  0.  H.  MoBioK,  F.O.S.,  eto. 

MB.  Morton  pointed  oat  that  in  Flintshire,  within  fifteen  milea 
from  Liverpool,  there  is  a  prominent  ridge  of  Carboniferous  or 
Mountain  Limestone.  It  extends  continuously  from  Prestatyn  on 
the  coast  of  Wales  to  Llandegia,  a  few  miles  north  of  Uangollen, 
the  distance  being  twenty-one  milea,  and  the  strike  of  the  limeatone 
N.  by  S.E.  and  S.  Instead  of  a  general  description  of  the  forma- 
tion, be  had  selected  what  appeared  to  be  the  four  most  favonnble 
locafides  as  oentree  of  observation  :  Mold,  Holywell,  Newmarket 
(Flintahire),  and  Llangollen.    He  alluded  to  the  country  aronnd  or 

■  Baad  before  the  Britiah  Avooiatioii  (Section  O.Jat  LiTcrpool,  September,  ISTO. 
See  bIm  a  pipar  on  the  Hillitone  Orit  of  the  North  Walo  Border,  bj  J).  C.  D«rie% 
QaoUMitUL  lUQAiim,  Vol.  VII.,  1870,  pp.  68,  ta^.—Bon'. 
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hese  places,  for  neitlier  Hold  nor  Holywell  are  actvall j  upon 
onntain  Limestone.  Llangollen  was  included  because  of  the 
section  presented  by  the  Eglwyseg  rocks,  about  a  mile  from 

I  estimated  thickness  of  the  Limestone  was  1,200  feet    The 
one  Grit  of  the  Geological  Survey  sucoeeds  the  Limestone,  and 
at  800  feet  thick,  coal  being  worked  above  it  at  Tyfynuchaf. 
)  mile  and  a  half  to  the  west  of  the  town  of  Mold  there  is  a 
ictiom  of  the  Mountain  Limestone.    The  vertioal  section  of  the 

at  Newmarket  is  compiled  from  three  horizontal  sections 

eadi  show  the  thickness  of  a  subdivision.  The  upper,  middle, 
>wer  limeetones  are  on  the  surface  disconnected  by  faults,  but 
lative  geological  position  of  each  is  obviousv  The  lower  grey 
lack  Imiestones  rest  on  Silurian  strata,  and  are  750  feet  thick 
lel  Hiraddug.  The  white  limestone  ridge,  850  feet  thick,  is 
liffermit  from  any  of  the  Hiraddug  strata,  as  it  also  is  from  the 
and  grey  limestone  and  shales,  300  feet  thick,  which  crop  out 
under  tibe  overlying  shales  and  sandstones  of  the  Millstone 
Consequently  the  white  limestone  of  Axton  occupies  an 
lediate  position,  which  was  confirmed  by  the  fossils  it  con- 
»  Appended  to  Mr.  Morton's  paper  was  a  list  of  ninety-four 
\  found  in  the  district  which  he  had  described,  and  which  showed 
nge  of  tbe  species  through  the  three  (upper,  middle,  and  lower) 
3n8  of  the  Carboniferous  Limestone.  When  the  number  of 
IS  is  considered,  the  upper  and  middle  divisions  ase  seen  each 
ve  many  peculiar  fossils,  and  an  undue  distinctive  character 
.  be  supposed  to  separate  them.     But  when  the  relative  abun- 

of  the  species  is  considered,  this  distinction  is  not  marked,  for 
>mmon  forms  have  a  considerabte  range,^  while  the  rare  ones 
ore  or  less  restricted. 

analysis  of  the  list  showed  some  interesting  results.  Ex- 
ig  a  few  fisb  teeth  and  scales,  and  plants,  all  of  which  occur  in 
pper  limestone,  it  appeared  that  the  lower  limestone  does  not 
in  any  species  peculiar  to  it,  for  some  of  them  extend  upwards 
the  white  or  middle  limestone,  whilst  others  pass  up  to  the 
st  subdivision.  The  earlier  species,  principally  foimd  at  the 
of  Moel  Hiraddug,  are  Spirifera  Hneata  and  Syringepora  retieu- 
and  they  continue  upwards  through  the  whole  of  the  Mountain 
tone.  These  two  species,  with  a  Lepidodendron  and  another 
,  seem  to  have  been  the  first  colonists  that  settled  down  in  the 
miferous  sea  of  North  Wales.  The  middle  or  white  limestone 
nts  twenty-eight  species  which  are  peculiar  to  it  (of  course 
ion  species  elsewhere),  but  of  these  no  less  than  twenty -three 
only  been  found  in  the  limestone  ridge  at  Axton,  Newmarket 
assemblage  of  species  in  such  a  limited  area  was  extraordinary. 
B  upper  limestone,  twenty -three  species  have  been  found  to  be 
iar  to  it,  but  they  are  all  of  rare  occurrence,  only  single  speci- 

having  been  found  of  about  half  of  them. 


< 


k 


528  Smein—Harte$  CMogy  qfBfwuL 

L— SoisNTmo  BssuLTB  or  a  Joubvst  vk  BaAm..  By  Loun  Aga88ii> 
and  his  trayelling  oompaiiionfl.  Gsolcmht  avb  Fhtooal  Gbo- 
osAPHT  or  Brazil.  By  Ohab.  Fbsd.  Habit,  Trobmcft  of 
Geology  in  (!k>mell  TTniTenity.  8yo.  pp.  620,  with  xramenma 
illoBtEations.    London :  TrSlmer  &  Ca,  1870. 

r5  reader  who  takes  up  ProfeMor  Hiaiif  a  bogk,  eneoting  to 
find  therein  only  a  akdnh  of  the  Geology  and  HijfBical 
Geography  of  Brazil,  will  be  i^greeably  diai^poinled ;  for  tiui  ox 
hundred  and  twenty  well-atored  pagea  oontain  mnoh  .eke  than  can 
be  rigidly  oonstrued  aa  belonging  to  either  of  theae  department  of 
Natimd  Soienoe.  Professor  Hartt  was  not  oontent  with  his  gleaninga 
in  Brazil,  made  during  the  brief  period  oooupied  by  the  '*  Thayer 
Expedition  "  under  Professor  Agassiz,  but  he  setorned  and  made  a 
seoond  exploration,  in  order  to  continue,  and  as  far  as  .possible  ixm* 
plete,  his  first  investigations. 

If  we  mistake  not,  we  suspect  Professor  Hartt  is  even  moae  st 
home  in  a  dredging  expedition  than  in  a  stone-quarzy,  and  the  book 
before  us  betrays  tibe  spirit  of  the  aideixt  zoologist,  quite  as  mnoh  ai 
that  of  the  geologist  or  geographer. 

Nor  are  we  diapoeed  to  find  fetult  with  this,  for,  by  aid  <£  the 
author's  vrider  knowledge,  we  see  and  learn  much  more  ef  the 
Brazilian  Empire  than  we  should  otherwise  have  done  from  a  mere 
"  stanecracker,"  as  the  Scotch  oountry-folk  call  geologists. 

The  '^  Thayer  Expedition  "  was  undertaken  in  the  years  1865  and 
1866.  "  On  this  journey,"  says  Professor  Hartt,  *'I  studied  very 
carefully  the  Geology  and  Physical  Greography  of  the  coast  between 
Eio  and  Bahia,  going  over  a  very  large  part  of  the  groimd  on  horse- 
back or  in  canoe."  '^  My  companion,"  he  adds,  "  was  Mr.  Edward 
Copeland,  of  Boston,"  whose  services  are  duly  acknowledged. 
During  this  journey,  the  author  made  very  large  oolleotions  of 
marine  invertebrates  and  fishes,  nor  did  he  neglect  to  secure  other 
objects  of  Natural  History.  Mr.  Hartt  adds,  '*  My  studies  of  the 
stone  and  coral  reefs,  and  of  the  geology  of  Brazil,  proved  so  veiy 
attractive  to  me,  that  on  the  year  following  I  returned  to  Brazil  and 
spent  my  vacation,  several  months,  in  examining  the  ooast  between 
Pemambuco  and  Hio,  exploring  more  particulsurly  the  vicinity  of 
Baliia  and  the  islands  and  coral-reefs  of  the  ^brolhos." 

The  present  volume  was  originally  intended  only  as  a  report  to 
Professor  Agassiz  as  Director  of  the  "  Thayer  Expedition,"  to  em- 
brace simply  the  results  of  Mr.  Hartt's  explorations  as  geologist  to 
that  expedition,  and  his  subsequent  journey  to  Bio,  etc.  But  the 
delay  in  publication  has  given  Mr.  Hartt  the  opportunity  to  examine 
the  existing  literature  on  Brazil ;  and  thus,  from  a  simple  acoount  of 
his  own  investigations,  his  book  has  grown  to  be  a  general  work  in- 
corporating the  chief  results  of  others  who  have  written  on  the 
Geology  and  Physical  Geography  of  the  Empire. 

It  would  be  impossible,  in  our  limited  space,  to  give  more  than  • 
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very  brief  notice  of  Prof.  Hartt's  book ;  we  will  therefore  gather  a 
few  of  the  geolo^cal  resulta  it  makes  known.' 

The  oldest  (Eozoic)  rock  observed  appears  to  be  fui^amental 
gneiss.  Gneiss  is  found  in  every  province  of  the  Empire.  It  forms 
the  great  coast-belt  extending  from  Maranhfio  to  the  mouth  of  the 
Rio  de  la  Plata,  but  it  sends  off  a  band  from  southern  Minas  Geraes 
into  Gk)yaz,  and  the  Montes-  Pyrenees,  and  a  considerable  part  of  the 
mountainous  region  of  Central  Goyaz  are  composed  of  it  The 
same  rock  is  seen  in  the  cataracts  of  the  Tocantins,  the  Xingu,  the 
Tapajos,  the  Arinos,  and  the  Madeira,  showing  that  the  Table-land 
of  Brazil  is  everywhere  underlaid  by  it 

As  these  rocks  are  highly  inclined  and  full  of  reversed  folds,  as 
in  Canada,  it  is  quite  impossible  to  approximately  estimate  their 
thickness. 

Dr.  T.  Sterry  Hunt,  who  has  examined  with  care  a  large  suite  of 
Prof.  Hartt's  specimens  of  metamorphic  rocks,  considers  l^at  they 
''  present  the  characteristic  types  of  the  Laurentian  of  North  America^ 
including  as  they  do  coarse  granitoid  and  porphyritic  varietiecT, 
with  red  orthociase  and  fine-grained  grey  and  white-banded  gneisses, 
often  homblendic.  The  white  crystalline  limestone,  with  pcde  green 
serpentine,  which  occurs  with  these  Brazilian  gneisses,  is  not  dis^ 
tinguishable  from  that  of  the  North  American  Laurentian." 

Dr.  Hartt  believes  that  the  clay  and  talcose  schists,  the  itacolumite, 
itabirite,  and  other  associated  metamorphic  rocks  of  the  gold-region 
of  Minas  Geraes,  are  of  Lower  Palfeozoic  age  (Silurian),  and  he 
suggests  that  they  may  be  equivalent  to  the  Quebec  group  of  North 
America. 

Clay-slates,  with  amiferous  veins,  occur  in  other  parts  of  Brazil 
besides  Minas,  as,  for  instance,  in  Gt)yaz,  and  in  the  vicinity  of 
Cuiabd  in  Matto  Grosso.  These  rocks  are  everywhere  so  metamor-^ 
phosed,  that  all  trace  of  fossils  has  been  completely  obliterated. 

Some  of  the  metamorphic  rocks  of  Minas  Geraes  or  Bahia,  the 
author  thinks,  may  be  Devonian,  but  he  saw  no  rocks  referable  to 
that  age  upon  the  coast,  unless,  indeed,  the  slate  conglomerates, 
sandstone,  and  shale,  with  fossil  plants,  found  on  the  Bio  Prado,  may 
belong  to  it. 

There  can  be  no  uncertainty  about  the  existence  of  true  Carbon- 
iferous strata  in  Brazil,  for  besides  the  Coal,  we  have  an  abundance  of 
fossil  plants  of  Carboniferous  genera.  The  true  age  of  the  Brazilian 
Coal-beds  on  the  Rio  Candiota,  Rio  Grande  Do  Sul,  explored  by  Mr. 
N.  Plant,  F.G.S.,  was  satisfactorily  determined  on  the  evidence  of 
the  plant-remains  by  Mr.  W.  Carruthers,  F.KS.,  F.G.S*,  of  the  British 
Museum  (See  Geol.  Mag.,  1869,  Vol.  VI.  p.  151,  Plates  V.  and  VI.). 

The  Coal-basins  lie  just  south  of  the  tropics,  but  within  the  i-ange 
of  the  palm,  and  they  are  a  coast-formation,  corresponding  in  this 
respect  to  the  Coal-basins  of  Acadia,  Massachusetts,  and  Rhode 
Island.  Coal-strata  do  not  seem  to  occur  north  of  Rio  on  the 
coast  The  beds  of  Coal  appear  to  have  been  but  very  slightly  dis- 
turbed, Mid  to  be  bituminous  in  character. 

A  liu:ge  area  in  the  Province  of  Sergipe  is  oocxx^Vb^  Vj  ^  H^^ 


^ 
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series  of  red  sandstones  (apparently  barren  of  fossil-remains \  an4 
litliojricallv  identical  with  the  Connecticut  River  and  New  Jersey 
New  Kcfl  Sandstone.     The  author  refers  these  to  the  Triassic  epoch. 

During  the  Jurassic  period,  the  Brazilian  coasts  would  appear  to 
have  been  elevated  lands,  like  Eastern  North  America,  as  no  rocks  of 
Jurassic  age  have  as  yet  been  observed. 

The  CretAc<*ous  rocks  of  Brazil  l>egin  a  few  miles  south  of  the  Bay 
of  Bahia,  and  occur  at  intervals  along  the  coast  northward,  occupying 
several  separate  >>asins,  seme  of  which  are  fresh- water.  Their 
extent  is  imcertain.  as  they  are  largely  covered  by  Tertiaiy  beds. 
Probably  marine  Cretaceous  beds  underlie  the  Tertiary  deposits 
throu^rhout  the  whole  ^'allcy  of  the  Amazons ;  they  are  only  exposed, 
however,  on  the  Aquiry.  an  affluent  of  the  Rio  Purus,  where  they 
wen.*  pxamined  by  M.  Chandler. 

The  fossil  mollusks  of  the  freshwater  beds  of  Bahia  have  a  verv 

m 

stn»nj^  Weal  den  aspect.  An  account  of  this  deposit  will  be  found  in 
the  Quart  Joum.  Geol.  Soc.,  Lond.,  vfd.  xvi.  p.  263.  given  by  Mr. 
S.  Allport,  with  notes  on  the  fossils  by  Prof.  Morris.  Prof.  Owen,  etc. 

Mr.  Hartt  pro]K»ses  the  follo^4ng  classification  for  the  Cretacems 
ror^ks  of  tho  Brazils  :  "  Amazonian  group  "  (Aquin'),  with  Mosasau- 
rm;  Mx^strichtien  ?.  **  Cotinguiban  group."  with  Inoceram»s,  Am- 
monites, ctc.^  Senonien?.  *' i^ergipian  group."  with  Ammonites  and 
Crratites;  Mid'llo  Cretaceous?.  " Bahian group,"  Crocodilus.  Pisodw. 
Mt'Innia,  CypridK,  <»tc.,  N('»ncomian  ?. 

Two  sets  of  Ti-rtifirv  Clavs  and  Sandstones  are  descrilxni  one 
formiiiL^  the  coast-jjlains  outside  the  Corililhcira.  and  overlying  tiie 
Cnjt.'i'XM^us  ImmIs  uncoil fonnal)ly  ;  tlie  other  series  iX'CupyinL:  tho 
Jequitiribonha  and  Sao  Francisco  vallej',  and  rvseniblin«:j  the  ooa.«r- 
clays,  save  that  they  are  thickt^r,  stiiid  at  a  very  mueh  hi^hor  h^vel. 
and  in  some  rases  form  iKjds  of  pure  sandstone  and  con^lomerat*;. 
with  limestone  and  iron  ore.  These  higher  l)eds  are  alsi.»  covered  ly 
drift -flays.  Another  deposit  known  as  Tapaimnrnnga,  *•  consist  in;: 
of  an;;ular  or  rounded  fragments  of  micacenus  irrni  and  other  r'cks, 
cemented  tog«'ther  by  an  ochre<^U8  paste,  whieli  sc»nietimes  exists 
without  tho  gravel.''  This  deposit  is  said  to  wrap  round  the  highest 
mountains  likr*  a  mantle. 

At  Mina.s  Novas  and  elsewhere  gold  is  niinod  in  a  similar  gravtl 
(call(Ml  caecallio)  composed  of  rounded  quartz  pel»bles,  etc..  '^^ith  a 
ferru;;inouH  wjment,  and  overlaid  by  a  l»ed  of  clay. 

This  Siune  she(;t  of  quartz  pebbles  and  overlying  clays  covers  all 
the  Province  of  Kio  (except  the  flat  alluvial  ]>lain8  1  Murdering  th»3 
coast)  to  the  toj>s  of  the  highest  hills.  The  deiH>sit  is  Siiid  to  K> 
ovorv where  nnstratlfial.  T\io  same  layers  exten<l  over  the  provinces 
south  of  Kio.  Near  Kio  and  elsewhere,  occur  deposits  of  immen.^e 
boulders  of  tnip.  gneiss,  etc.,  which  Professors  Agassiz  and  Ilant 
consider  to  be  evidently  morainic,  and  the  work  of  local  glaciers; 
and  I^nfessor  Agassiz  has  described  similar  moraines  as  existing  in 
the  I*r()vince  of  Ceara. 

The  agent  invoked  by  tho  learned  Professors  for  the  formation  of 

is  vast  do]>o8it  o^  a\rv\cU\t<i\^i«B  e\«^^,  ^;cavcls.  and  boulder- deposits. 

Glacier  Ice. 
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This  Btartling  theoir  Lm 
onnelves  pointed  "iit  ^tvt^  TiaittSA  -..:  • 
»ak\»  (See  GxonociciL  )Lt.:i.^i>K.  Iror  V 
of  a  Journey  in  Brmzil :  Vt  rr.i  tzii  K.--. 
oautioii  still  holda  g>:>i — At, Li  iaif-  ^- 
jmt'b  search  over  but^irvit  :'  Lii'.'-jit^i«  .f 
■ideied  exhaurtiTe  ?  W-  -.^.-j  n-.n.  _  -, 
writes  Prot  Hartt.  ■'  over  -^i*  ■•i..^  rt-i-.-.i  ■- 
we  find  other  waier-dep--,--.:*  ■Ji.-iz.  -Jjjw  .-^t.-. 
of  riTera  or  lakes.  A'kt^  -j:^  -,■_:  ma-.^-'. 
•tc,  there  are  netther  r»l*i  -jHH^ttsi  ^.r  ti; 
action  of  the  ks." 

Space  will  nrjt  a/lici:  ^a  v.  i».  »-.:;i  •■>.  » 
len^h;  but  we  Live  i^'^X  «*i-.ii»r.s  v.  ;r.- 
that  its  author,  Prr^f.  HiTs:.  J  l-.  i...^  i.-..: 
worthy  aieociate  of  Vf.L  .^jfUHix.  Thiir  -.li  • 
of  his  chief  is  only  nAtnrsJ.  '.IK  i»*  .'j;^  ,-./;  i 
love  he  feels  for  Bnzii.  ■<:  r-,  'cj^rt  ]■.: 
geological  evidence  l*tV,r»  irjiMr.r.^  .r.  >.,;, 
Stratified  Ml,  with  %Kiiii.iar.cii -.f  F,--«f.i'i.v 


appear  t 


!  bi^n  I 


i:  Wild  r.j   1 


whose  letter  we  pnhluh  :: 
We  congratnlate  Hij  Mij^wty  -.hft  Kc,-.,>>r-.:' 
most  interestin;!  onrithh'.ii'.r.  oioi'ii  'j'.  t  *, 
by  an  Englisb-apeakin;;  f.^m^^-nAr. 


■..    ».-.!    f.f,/I   ,„-,r„ 


II— The  GviLfjOir. m.  .Tr.*7r?   0/   ?:;*   f;< 
-ru  rf  M.!  '■„-....,a. 
th«  jew  IB6V.; 

TTTEhaTt  juat  r>KeiT*ii  v.e -.Si;!;);  w.i -..1,   -■' 
W        L    Murct.i«..ii.    Itir-.    ;j-..-w..r..-,  r.^ri.' 
Survey;  and  altL'i'i;;h  :;r..»^r.  pr 
the  report  waa  pr^pv^l.  .z  .tJi 
the  Survey  at  tL-;  ■-.'.  .-^  ;:'  ..it-:  -, 
In  EDgbnd  uid  WL>><(.  f'r' 
that  during  tbe  year  i'.'.j  t  v. 
HUTTeyed.  which  ii.v.;7.^i  v.^  ■ 
lines  of  ffjrmati-.r^a.     Ic  "','i.-.-,:-^i 
Lancashire.  niQci.  w.rx  rjw   -.itibr   ''r 
shire  coal-field  L.»  ryier.  £-^6^.1,  m^ 
sbire  hare  aUj  Mer.  •n.-.e-:  ■,'-,-. 

In  Dnrtkam  »nd  y-.ri.-..--^-^^  .^^ 
on,  and  the  ni.iEit,-:r,ir  .f  -.cf- .-  -,  -.j,- 

Portion  of  l:,.-.„.,i.  L,.v,,..  ,^ 
bndg..  «d  L«si  ;•.,„   .,^,    „„„,^- 


die  gnvd,  bridL-Mrtli,  aDarnnii,  and  drifts  m  bt  eoaxm  of  being 


Li  Sootknd,  Mr.  A.  Odkie^  Om  Diieotor,  moite  ttui  9l  fm- 
■decable  mStrwaee  ha»  tahen  pho  m  tii>«aomit  of  gwwmd  wutejed, 
in  oomfMriioB  widi  tiie  retani  of  tiis  pPBvkmt  ywr,  lihe  •Mitfanal 
tm  amoiiiitiiig  to  111  wqman  milflft. 

The  generml  wnmj  is  ywicwiniling  from  tiis  liic^  giDanda  of  Dnm- 
firies  and  Kii^cadbnglit,  abwdj  onmineii,  to  tiio  lower  ooniitiy 
■oodiwaidt  towards  die  Solwaj  FbUi,  and  in  an  saaterlT  diraotian, 
paaring  orer  Kilhsdale  and  Annandalo.  Has  work  will  nnifta  tlia 
existing  laboars  widi  tlioae  of  fiormer  jeais  in  PeaUoriiirB  snd 
SelkirUiire.  Tlie  sarveys  of  die  ooal-IMds  of  Donglaa  and  8sn- 
qahar,  and  of  die  minenl  dislziofc  of  die  Lead  Hilla,  have  been 
oompleted. 

Sir  Boderick  reports  diat  short  MemcMrB,  ezpbuiatory  of  the  sheets 
on  die  one-inch  scale,  are  now  issued  regnlariy  widi  every  new  m^ 
of  die  Scottish  Sonrey,  at  the  small  cost  of  threepence  eacm,  and  tfai^ 


similar  descriptions  are  preparing  of  the  previoasly  issued  maps 
whidi  were  pablished  widioot  such  information. 

Li  Lehind,  Prot  Edward  HnlL  Director,  reports  very  sal 
progress.    797  square  miles  were  surveyed,  and  1,7&  boundaries 
traced  during  the  year.    The  work  is  now  being  carried  on  in 
Gralway,  Mayo,  Roscommon,  Longford,  and  Down. 

Several  Index-maps  accompany  this  report  to  show  the  stato  and 
progreKS  of  the  Survey. 

England  is  divided  into  110  sheets  on  the  one-inch  scale.  Of 
these,  sixty-nine  whole  sheets  and  eleven  qoarter-sheets  have  been 
published ;  of  the  remainder,  fourteen  quarter-sheets  and  one  whole 
sheet  have  been  surveyed,  and  some  of  them  are  being  engraved, 
while  seventeen  quarter-sheets  and  one  whole  sheet  are  in  progress  of 
being  surveyed.  There  remain  but  twenty-four  whole  sheets  and 
eighteen  quarter-sheets  at  present  untouched. 

In  the  six  northern  counties  of  England,  and  also  in  Scotland, 
many  maps  of  the  coal-fields  have  been  published  on  the  scale  of 
six  inches  to  one  mila 

Scotland  is  divided  into  120  sheets  on  the  one-inch  scale.  Of 
these,  seven  whole  sheets  have  been  published,  two  others,  already 
surveyed,  are  being  engraved,  while  portions  of  fifteen  more  have 
been  surveyed  or  are  in  progress. 

Ireland  contains  205  sheets.  122  of  these  have  been  published, 
seven  are  prepared  and  engraving,  and  thirteen  are  in  progross. 
There  remain  but  sixty-three  untouched. 

In  regard  to  the  Museum,  the  Naturalist,  Professor  Hazfajy 

reports  that  during  the  year  1,771  specimens  were  added  to  tM' 

collection  of  fossils.    Among  the  purchases,  he  particularly  mantiena 

the  sponges  from  the  Upper  Chalk,  which  were  desoiibad  and 

k  figured  by  the  late  Mr.  Toulmin  Smith,  and  the  laige  ooUeotion  of 

UMsils,  illustrating  the  palsBontology  of  Northamptonshire  uti  Bot> 

Mhndshire,  from  the  ooUec^oii  oi  \hib  IsdtA  Dr.  Porter. 
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The  Palsdontologist,  Mr.  R  Etheridge,  reports  that  7,187  speci- 
mens, iUustratmg  most  of  the  formations,  have  heen  carefully 
examined  and  determined  daring  the  year. 

In  the  Mining  Record  Office,  many  new  plans  and  sections  have 
been  obtained,  much  information  has  been  famished  to  the  public, 
and  every  effort  has  been  made  by  Mr.  Bobert  Hunt,  the  ke^)er  of 
Mining  Beoords,  and  his  assistants,  to  produce  the  mineral  statistics 
in  the  most  reliable  condition. 

Dr.  Frankland  reports  that  the  Chemical  Laboratory  has  been 
overerovoded  with  earnest  and  attentive  students,  their  number  has 
daring  the  year  exceeded  that  recorded  in  any  previous  one,  and  the 
limited  accommodation  has  necessitated  refasal  of  admission  to  many. 
In  the  Metallurgical  Laboratory,  under  Dr.  Percy,  there  has  likewise 
been  a  marked  increase  in  the  number  of  students  over  that  of  the 
previous  year. 

ni. — The  Natural  History  of  Cohmergb  ;  with  a  Copious  List 
OF  Commercial  Terms,  eto.  By  John  Yeats,  LL.D.,  F.G.S., 
F.B.Q.S.,  etc. ;  assisted  by  several  scientific  gentlemen.  London : 
Cassell,  Fetter,  &  Galpin,  1870.     8vo.  pp.  436. 

SIGNS  are  not  wanting,  in  the  publications  of  the  day,  of  the  near 
approach  of  a  new  era  in  National  Education,  which  not  only 
promises  to  promote  a  great  advance  in  all  branches  of  secular 
instruction  hitherto  in  vogue,  but  even  encourages  us  to  hope  that 
the  Natural  Sciences  will  be  admitted  to  form  a  part  of  the  curri- 
culum both  of  our  public  and  private  schools. 

Nor  can  anything  tend  more  e£fectually  to  promote  this  much- 
desired  object  than  the  publication  of  such  books  as  the  present 
volume,  in  which  is  set  forth  the  advantages  to  be  derived  by  the 
mercantile  community  from  a  general  knowledge  of  the  elements 
and  fundamental  principles  of  Natural  Science,  when  applied  even  to 
the  ordinary  concerns  of  trade  and  everyday  Hfe. 

Dr.  Yeats  shows  that  a  merchant  may  be  a  more  able  and  a  more 
successful  merohant  if  he  is  acquainted  with  the  Natural  History  of 
the  Baw  Materials  of  Commerce  in  which  he  deals. 

He  ought  before  he  enters  the  Counting-house  or  the  Manufactory 
to  possess  a  general  knowledge  of  the  raw  products  of  the  various 
countries  of  our  earth,  whether  animal,  vegetable,  or  mineral,  and 
the  modes  of  their  occurrence ;  nor  will  this  suffice,  for  he  should 
also  be  acquainted  with  the  properties  possessed  by  each,  and  the 
uses  to  which  they  are  applicable.  Strange  as  it  may  seem,  this 
systematized  knowledge  of  matter  and  its  properties,  long  ago  recog- 
nized as  a  part  of  the  education  of  every  youth  in  Germany  and 
elsewhere  on  the  Continent,  has  scarcely  received  any  attention  at 
all  in  this  country. 

Much  that  is  contained  in  Dr.  Yeats's  book,  although  so  full  of 
interest  to  the  general  reader,  is  beyond  the  scope  of  this  Magazine, 
bat  on  turning  to  Chapter  iiL,  entitled  "  The  Effects  of  Geology  on 
the  Industry  of  the  Britidi  People,"  we  find  at  once  the  text  for  an 
ample  and  orthodox  discourse. 
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To  the  &ot  that  Qxmt  Biitein  present!  in  iti  rodk-nroiipi  an 
epitome  of  the  geologioel  Btniotnre  of  £niope»  if  not  of  uie  known 
world  itself,  must  be  attributed  a  large  abare  oi  the  pre-eminence  we 
enjoy  as  a  nation. 

Our  insular  position  baj^ily  shats  ns  ont  from  the  danger  of  in- 
Yasion  by  land,  whilst  our  fleet  seourely  g^oards  our  coasts  from 
ho^e  navies ;  but  we  oould  offior,  at  the  present  day,  but  a  poor 
lesiBtanoe  to  the  invader  if  we  did  not  possess  those  two  great 
essentials  to  national  success,  coal  and  iron.  "Great  Britain 
possesses  a  rich  supply  of  minerals ;  we  have  gold,  silver,  copper, 
lead,  tin,  zinc,  antimony,  nid^el,  cobalt,  bismvth,  nranium,  chromium, 
and  other  of  the  rare  metals,  besides  vast  stores  of  iron ;  our  coal- 
beds  are  enormous;  and  earthy  minerals  are  in  great  variety  and 
value.  Statistios  show  that  in  Great  Britain  350,000  persons  are 
actually  engaged  in  mining  operations,  exclusive  of  quarries  of  all 
kinds,  and  that  the  produce  is  of  the  minimum  value  of  £40,000.000.** 
(p.  25.) 

In  illustration  of  England's  mineral  activity,  take  the  one  item  of 
coal.  We  quote  from  p.  371,  "  The  annual  produce  of  the  principal 
coal  districts  of  the  globe,  according  to  the  latest  returns,  may  be 
stated  as  fdlows : — 


ton. 

Britain  101,620,000 

ZollTereiii  (with  lignite)  ...  25,000,000 

United  States    16,472,000 

France  11,000,000 

Belfjium 4,000,000 

Austria 2,270,000 


TOMft. 

Spmi    400,000 

Swedsn 280,000 

India 370,000 

Australia 450,000 

China   100,000 

Nova  Scotia 661,300.' 


i 


We  see  not  only  the  effect  of  Otology  upon  our  navies,  turning  our 
"hearts  of  oak"  into  *' ironsides," — trusting  to  coal  and  steam  instead 
of  canvas  and  ^olus  to  plough  the  deep, — ^but  the  presence  of  ooal 
underground  has  decided  the  position  of  our  staple  manufactures, 
and  we  see  Norwich,  York,  and  Spitalfields  compelled  to  resign  the 
competition  with  Lancashire,  owing  to  its  situation  with  respect  to  our 
coal-fields.  For  the  same  reason  the  iron  of  the  Weald  of  Kent  and 
Sussex,  so  valuable,  as  long  as  wood  was  used  as  the  fuel  for  smelt- 
ing the  ore,  is  now  worthless,  because  richer  beds  have  been  found 
in  the  centre,  the  West  and  the  North  of  England,  in  close  prox- 
imity to  Coal.     Thus  we  see : — 

**  The  old  order  changeth,  yielding  place  to  new." 

But  in  the  foregoing  enumeration  we  by  no  means  exhaust  the 
geological  advantages  of  this  island-home  of  ours.  ''  Other  bedded 
mineral  products  are  met  with  in  strata  of  various  ages.  Slates  are 
quarried  in  Silurian  rocks  in  Caernarvon  and  Merioneth,  in  Cumber- 
land, and  in  some  parts  of  Scotland.  In  these  districts  there  is  a 
very  large  population  supported  entirely  by  the  quarrying  and  pre- 
paring of  slates.  Kock-salt  is  confined  in  Great  Britain  to  the 
Eeuper  Sandstones  and  Marls.  Building  and  architectural  stones 
are  chiefly  quarried  in  the  Devonian,  Carboniferous,  Permian,  and 
Oolitic  strata."  (p.  31.)  The  ooprolite-workings  are  also  referred 
to,  as  an  important  branch.  o£  industry,  and  ss  furnishing  the  fJEumer 
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with  a  rioh  source  of  phosphate  of  lime  of  organio  origin,  for  manure, 
the  remnants  of  faunas  of  Secondary  and  Tertiary  age,  for  the 
utilization  of  which  we  are  indebted  to  the  Eev.  Prof  Henslow,  and 
which  may  be  referred  to  specially,  as  an  instance  of  the  practical 
application  of  Qeology  to  the  benefit  of  agriculture. 

The  relation  of  Geology  to  Agriculture  forms,  of  itself,  a  most 
interesting  chapter  of  tins  book;  it  is  a  subject  of  the  greatest 
national  importance,  and  we  are  glad  to  know  that  the  Government 
Geological  Surveyors  are  also  becoming  convinced  that  the  super- 
ficial deposits  are  deserving  of  their  attention  and  mapping. 

The  present  book  contains :  Part  L  "  The  Natural  History  of  the 
Eaw  Materials  of  Commerce." — Part  II.  "  The  Commercial  Pro- 
ducts of  the  Vegetable  Kingdom." — Part  HI.  "  The  Commercial 
Products  of  the  Animal  Kingdomu"— Part  IV.  "Raw  Mineral  Pro- 
duce;" and,  lastly,  an  Appendix,  containing  a  Vocabulary  of  the 
Names  of  Natural  Productions,  in  the  Principal  European  and 
Oriental  Languages.  The  G^graphical  Distribution  of  Food  and 
Industrial  Plants  is  illustrated  by  a  small  coloured  map,  showing  the 
Botanical  Zones  of  the  world. 

Dr.  Yeats  announces  that  the  present  volume  will  be  followed  by 
"The  Industrial  and  Political  History"  and  by  "The  Technical 
History  "  of  the  same  subject. 

Among  the  list  of  contributors  to  the  present  volume  we  observe 
the  name  of  Mr.  Balph  Tate,  F.G.S.,  F.L.S.,  a  good  guarantee  for 
the  careful  execution  of  the  geologicsLl  part  of  the  volume. 

We  heartily  wish  the  author  and  his  book  all  possible  good,  and 
trust  that  the  future  volumes  may  turn  out  as  agreeable  and  readable 
as  the  present  one. 


AVANTURINE  QUARTZ  IN  BRITAIN. 

Sib, — ^In  the  Gsol.  Mag.  for  Sept,  p.  444,  you  announce  that  Mr. 
G.  W.  Traill  has  discovered  "  Avanturine  Quartz"  in  Orkney,  on  the 
shores  of  Inganess  Bay.  It  is  spoken  of  as  "  a  scarce  variety  of  quartz," 
but  it  is  really  not  a  scarce  mineral,  nor  is  it  a  variety  of  quartz,  but 
only  ordinary  quartz  inclosing  scales  of  mica.  It  is  commonly  met 
vrith  in  micaceous  sandstones  all  over  the  world,  and  has  no  more 
right  to  a  distinctive  title  than  a  quartz  crystal  containing  any  other 
foreign  body  entangled  in  its  mass.  B.  J.  B. 

London,  Zrd  S$pL^  1870. 

ARCHDEACON  PRATT  ON  TBB  INTERNAL  FLUIDITY  OF  THE 

EARTH. 

Sib. — All  G^logists  must  rejoice  to  see  a  question  of  such  interest 
as  that  of  the  Internal  Fluidity  of  ^e  Earth  discussed  in  the 
pages  of  the  Magazine  by  authorities  like  M.  Delaunay  and  Arch- 
deacon Pratt.  I  confess  that  M.  Delaunay's  arguments,  as  given  to 
us  by  Mr.  David  Forbes/  staggered  my  faith  in  Mr.  Hopkins's 

^  Gbolooical  Magazine,  vol.  ▼.,  p.  511. 
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meihod ;  although  I  saw  that  they  did  not  eaiaibliah  tlie  opponte  to 
hia  oonclaaion,  whibh  waa,  that  the  aolid  omat  of  the  earth  oannot  he 
madh  leaa  ^an  1,000  milea  thiok.^  Now,  however,  the  Arohdeaoon 
oomea  to  the  reacue  with  the  oommimioation  given  in  the  September 
Magazine.  What  he  provea  appeara  to  me  to  be  thia, — ^that  if  the 
omat  of  the  earth  is  devoid  of  rigid  connexion  with  the  nndena, 
and  if  a  foroe  acta  upon  it  ao  aa  to  give  it  a  motion  of  rota- 
tion different  from  that  which  the  micleaa  already  haa,  (in  the  caae 
before  ua,  the  new  rotation  ia  given  about  a  diameter  of  the  equator, 
aay  that  which  momentarily  coinddea  with  the  equinoctial  line,) 
then  the  new  rotation  given  to  the  cruat  will  not  at  first  be  com- 
municated to  the  nudeua.  I  aay  devoid  of  rigid  connexion,  for  the 
effect  of  such  connexion  aa  arises  from  viscidity,  or  friction,  or  any 
similar  cause,  will  simply  be  to  communicate  the  new  rotation  to  the 
nucleus  less  gradually  than  if  the  nucleus  was  absolutely  fluid,  and, 
therefore,  the  connexion  ntl.  But  in  any  case  short  of  rigid  con- 
nexion, the  new  rotation  will  not  be  communicated  to  the  nucleus  at 
all,  ai  flrsL  I  mean  at  the  moment  at  which  it  is  communicated  to 
the  crust    Some  time  will  be  necessary  for  that  result. 

Now,  the  *^  precessional  force,"  as  the  Ardideacon  calls  it,  ia  '<  ever 
alive  and  active ; "  that  is  to  say,  we  are  obliged  to  consider  at  every 
moment  its  effect  at  that  moment,  or  ai  first.  And  that  effect  is,  to 
be  producing  at  every  moment  a  rotation  in  the  crust  which  will  not 
have  time  to  communicate  itself  to  the  nucleus  before,  by  combining 
with  the  pro-existing  rotation  of  the  crust,  it  has  caused  the  preces- 
sion of  tlie  pole.  The  result  will  be  that  the  amount  of  precession 
of  the  pole  will  bo  different  in  the  case  in  which  the  nucleus  is  not 
rigidly  connected  with  the  crust  from  what  it  would  be  rf  it  were  so. 
This  is  the  conclusion  that  Archdeacon  Pratt  insists  upon,  and  it 
seems  certainly  a  just  ona  But,  nevertheless,  I  cannot  but  think 
that  the  viscidity  must  have  some  effect  upon  the  precession ;  and  I 
should  be  very  glad  if  your  Correspondent  would  explain  of  what  kind. 
What  seems  to  me  the  case  is  this.  The  effect  of  the  precessional  force 
on  the  crust  is  to  set  it  rotating  about  a  generating  line  of  the  cone 
in  which  the  axis  moves,  always  a  little  in  advance  of  the  line  round 
which  the  nucleus  is  rotating,  and  the  viscidity  will  cause  the  axis 
of  rotation  of  the  crust  to  drag  that  of  the  nucleus  after  it  Will  not 
this  dragging  effort  have  the  effect  of  retarding  the  rotation  of  the 
crust  in  an  extremely  small  degree,  so  that  in  the  case  of  a  viscid 
nucleus,  the  effect  of  the  action  of  the  sim  and  moon  on  the  pro- 
tuberant matter,  as  the  equator  is,  in  truth,  indirectly  to  lessen  the 
angular  velocity  of  the  earth,  contrary  to  what  is  stated  to  be  the 
case  upon  the  usual  supposition  of  the  earth's  rigidity  ? 

If  the  rotation  of  the  earth  is  diminished  gradually,  the  precession 
will  be  increased  accordingly.  0.  Fisheb. 

Hablton,  nbab  Cambridob. 

^  See  my  paper  on  the  elevation  of  mountains,  &c.    Cambridge  Philosophical 
TrsDWctionfl,  vol.  xi.,  part  iii.,  p.  2.    See  also  Gbol.  Mao.,  1868,  Vol.  V.,  p.  493. 
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ARCHDEACON  PRATT  ON  M.  DELAUNATS  EXPERIMENTS  ON  THE 

INTERNAL  FLUIDITY  OF  THE  EARTH. 

Snt, — Isi  the  Gsolooical  Magazine  for  September,  yon  gave  us 
a  paper  by  Archdeacon  Pratt,  combating  M.  Delaunay's  objection  to 
Mr.  Hopkins's  method  of  reasoning  from  the  precession  of  the  equi- 
noxes to  the  internal  fluidity  of  the  earth.  There  aro  some  errors 
of  inadvertence  in  that  paper,  which  I  do  not  point  out,  as  no  one 
is  better  able  than  the  writer  himself  to  discover  them.  We  may 
agree,  however,  thus  far  with  Archdeacon  Pratt, — M.  Delaunay's 
objection  is  not  as  conclusive  as  he  himself  seems  to  think.  The 
frinciple  of  tiiat  object  is  indubitably  true.  M.  Champagneur  has 
proved  it  so  by  direct  experiment ;  and  it  is  (as  appears  to  me)  self- 
evident,  a  priori.  If  the  tendency  of  the  hard  crust  of  the  earth  to 
shift  on  the  internal  fluid  mass  be  sufficiently  small,  rdaiively  to  the 
degree  of  viscidity  of  the  fluid,  the  crust  must  carry  that  viscous 
interior  along  wiUi  it  in  the  changes  of  direction  of  its  rotation. 
But  IS  the  relaticm  such,  in  the  case  in  question,  as  to  make  M.  Delau- 
nay's principle  applicable  ?  This  question,  I  suppose,  never  can  be 
answered.  If  the  crust  were  even  1,000  miles  thick,  and  if  the 
fluidity  of  the  interior  were  perfect,  the  pole  of  the  crust  would  be 
slipping  over  the  fluid  interior  at  the  rate  of  one  inch  in  about 
twenty-flve  minutes  (if  the  crust  be  as  thin  as  some  geologists  have 
supposed,  the  rate  of  slipping  would  have  to  be  nearly  a  third 
greater) ;  and  this  shifting  movement  would  occur  all  round  the 
great  circle  parallel,  at  each  moment,  to  that  containing  the  celestial 
poles  of  the  equator  and  the  equinoctial  points  (taking  the  retrogres- 
sive movement  of  the  earth's  axis  in  its  mean  direction).  Now, 
what  amount  of  viscosity  would  be  necessary  to  overcome  the 
enormous  moment  of  inertia,  round  its  axis,  of  a  globular  mass  6,000 
miles  in  diameter  (or  much  more,  as  some  would  think),  and  start  it 
afresh  at  every  instant,  in  a  new  direction,  at  the  above  rate  (or, 
greater),  from  a  state  of  relative  rest  ?  And  is  the  actual  viscosity 
sufficient?  Certain  considerations  would  weigh  for,  and  others 
against,  M.  Delaunay's  opinion ;  but  on  which  side  of  the  scales  the 
preponderance  lies  we  cannot  tell,  from  our  ignorance  of  some  of  the 
conditions  of  the  problem.  M.  H.  Closb. 

Nbwtown  Pakk,  Blacxrock,  Dttblik, 
October  4,  1870. 

THE  LECTURE  ON  VOLCANOS. 

Sib, — Upon  my  return  to  London  I  received  the  Geological 
Magazine  (for  September),  containing,  page  440,  a  letter  from  Mr. 
Poulett  Scrope,  commenting  upon  my  lecture  on  volcanos,  which 
appeared  in  Uie  July  number ;  tiie  following  remarks  in  reply  were, 
however,  too  late  for  last  month's  Magazine,  as  you  informed  me 
that  the  October  number  was  then  already  in  the  press. 

I  have  always  looked  upon  Mr.  Scrope's  works  on  volcanos  as 
being  by  far  the  best  on  the  subject  which  we  possess,  whether  they 
be  considered  from  a  philosophical  or  a  descriptive  point  of  view 
(and  in  the  latter  sense  the  author's  experiences  in  the  field  render 
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ili0B  donUj  ^qftbleX  and,  ooMeqiMnfly,  I  hd  gwt  iilaMuiij^  itltMi 
perusing  his  letter,  to  find  tbat  he  fidt  inolined  to  diffBr  from  me 
only  in  a  very  few,  and  I  migfat  add,  not  Tery  imfportuit,  pointi. 

Having  devoted  eosie  time  to  ezperimiental  leaearehes  vpcm  vbl- 
oanio  action,  and  having  had  more  than  ordinarily  good  qpportmuties 
of  studying  in  the  fidd  the  active  as  well  as  passive  vokanos  of 
varions  parts  of  Europe,  Africa,  America,  and  Aastealasn^  I  attemp 
in  Hie  lecture  alluded  to,  a  rfismne  of  Ihe  oonolasions  I  had  arrived 
at  independently,  hot  which  in  many  points  fblly  confirm  some  long 
previously  announced  Vj  Mr*  Sorope  himself;  and  had  it  not  been 
for  the  necessity  I  was  under,  of  condensing  so  laige  a  subject  as 
voloanos  into  tlM  riiort  space  of  an  hour's  leotore  to  a  non-ooientifio 
audience,  and,  consequently,  compelled  to  omit  all  explanatoiy  de- 
tails, I  believe  that  Mr.  Scrope  himself  would  not  have  felt  indined 
to  differ,  even  as  to  the  few  points  to  whidi  he  refers  in  his  letter, 
and  to  which  I  will  now  briefly  allude. 

1.  With  regard  to  the  foimation  of  volcanic  sands,  ashes,  and  dust, 
I  fully  admit,  with  Mr.  Scrope,  that  the  greater  part  is  probably  due 
to  the  attrition  of  the  particles  inier  se  during  their  repeated  ascents 
from,  and  descents  into,  the  crater;  nevertheless,  microscopical 
examination  shows  that,  in  a  very  large  quantity,  the  particles  are 
more  or  less  fused  or  rounded  externally,  as  well  as  full  of  air,  gas, 
or  steam  pores  or  bubbles,  which  would  indicate  that  they  have 
been  comminuted  and,  as  it  were,  blown  to  pieces  whilst  in  the 
viscid,  if  not  molten,  state. 

2.  The  opinion  that  molten  lava,  when  suddenly  brought  into 
contact  with  water,  is  broken  up  instantaneously  into  coarser  or 
finer  particles,  even  to  mud,  is  founded,  not  only  upon  observation, 
but  on  experiment  also;  for  when  it  is  found  that  molten  lava, 
furnace  slags,  glass,  and  other  silicates,  do  become  so  broken  up 
when  poured  out  suddenly  into  cold  water,  I  think  it  is  but  reason- 
able and  fair  to  infer  that  they  would  also  so  behave  in  nature,  and, 
therefore,  demur  to  the  assertion,  ''  It  is  very  difficult,  not  to  say 
impossible,  to  do  more  than  guess  at  the  effect  produced  on  a  body 
of  lava  expelled  from  a  volcanic  vent  beneath  water."  The  tri- 
turating action  of  the  sea,  which  would  naturally  be  enormously 
increased  in  such  convulsions,  is  not  only  admitted  but  assumed  by 
me  as  part  of  the  process ;  the  whole  drift  of  the  paragraph  in 
question  being  to  explain  how  great  sedimentary  deposits,  composed 
of  volcanic  matter,  may  be  formed,  often  similar  in  appearance,  but 
infinitely  more  rapidly  than  those  beds  slowly  built  up  from  the 
debris  arising  from  the  wearing  away  of  terrestrial  rocks,  brought 
down  by  Urn  action  of  rain  and  rivers. 

3.  As  before  alluded  to,  this  is  but  an  instance  in  which  my  con- 
clusions are  identical  with  those  previously  arrived  at  by  Mr.  Scrope, 
and  I  feel  sure  that  all  unbiassed  geologists  must  ultimately  admit 
that  the  internal  agencies  have  played  the  most  prominent  part  in 
determining  the  external  features  of  the  earth. 

4.  Lastly,  Mr.  Scrope  objects  to  the  use  of  the  words  Cataclysm 
andCatadysmic  in  contradistinction  to  Uniformity  and  Uniformitarian. 
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I  am  quite  willing  to  extend  the  signifioation  of  XTniformitarian,  in 
geology,  to  any  action,  however  varied  in  intensity,  from  the  most 
^ow  and  steady  to,  at  times,  the  most  rapid  or  violent ;  as  long  as 
such  catastrophes  or  paroxysms,  as  Mr.  Scrope  calls  them,  occur 
(like  the  striking  of  a  clock)  at  regular  or  equidistant  intervals  of 
time,  even  if  they  do  occur  **  but  once  in  a  century,  or  even  in  a 
thousand  years."  Before,  however,  internal  or  volcanic  action  can 
be  brought  under  such  a  heading,  it  must  first  be  proved  that  their 
catastrophes  or  p€ux)xysms  do  occur  at  regular  intervals ;  and  until 
this  is  i^own — more  especially  as  the  bulk  of  evidence  at  hand  -at 
present  tends  rather  to  the  opposite  conclusion — it  does  not  appear 
unreasonable  to  continue  to  call  these  agencies  Cataclysmic,  £is  long 
as  by  the  word  Cataclysm  in  geology  is  understood  some  more  than 
ordinarily  violent  event  in  the  earth's  physical  history  occurring  at 
intervals  altogether  irregular  and  undeterminable. 

David  Fosbbs. 

11,  ToBx  Plaob,  Pobtman  SauABB,  London,  W. 


A  FACT  RELATING  TO  THE  CBAG  PIT  AT  THORPE,  NEAR 

NORWICH. 

Sib, — In  my  paper  on  the  Norwich  Crag  and  associated  beds,  read 
before  the  Gleological  Society  last  autumn,  I  mentioned  a  local  feature 
which  I  had  noticed  some  fifteen  years  since,  and  which  I  had  not 
seen  reproduced  since  that  period,  viz.,  the  occurrence  over  the 
shelly  sand  (Norwich  Crag),  overlying  liie  Chalk,  of  a  thin  bed  of 
clay  (which  I  suggested  might  be  the  Chillesford  clay),  succeeded 
by  an  ironstone  conglomerate  containing  impressions  of  shells.  On 
my  visit  there  again  last  week,  I  foimd  in  a  freshly  cut  part  of  the 
section  at  the  west  end  of  the  pit  the  same  features  exhibited,  but  on 
a  larger  and  better  scale.  A  bed  about  2  feet  thick,  at  the  lower 
part  of  the  gravel  capping  the  section,  is  cemented  into  a  ferruginous 
conglomerate,  which  has  been  the  means  of  preserving  the  casts  and 
impressions  of  numerous  shells.  Under  this  is  a  bed  of  light  grey 
clay,  1^  foot  thick,  and  then  5  or  6  feet  of  white  sand  and  fine 
gravel,  with  an  abundance  of  the  usual  Norwich  Crag  shells  in  the 
lower  part  of  it. 

The  impressions  in  the  ferruginous  conglomerate  are  very  abundant 
and  very  well  preserved.  My  visit  was  too  short  to  make  a  proper 
collection  of  them,  and  as  the  bed  may,  as  the  former  one  was,  be 
worked  out  before  long,  I  would  direct  the  attention  of  any  geologists 
visiting  the  pit  to  the  interest  of  making  a  good  collection  of  these 
fossils,  amongst  which  I  noticed  the  following: — Pectuncvlua  gly- 
cimeris  {?),  Cardium  edule  (f),  Myitlm,  probably  two  species,  Paludina 
lenta  (.^),  Mctctra,  Mya,  etc  These  are  the  beds  which  I  placed  in  the 
horizon  of  what  I  have  termed  the  Westleton  shingle,  and  which  in 
the  neighbourhood  of  Southwold  contain  casts  of  My tili  and  other 
shells  in  abundance,  and  reposes  in  all  that  area  on  the  Chillesford 
clay.  JosBPH  Pbestwich. 


/ 
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Sib, — ^I  have  been  xnuoih  interested  in  fbe  ivioas  aitidlee  on  the 
subject  of  Glaciers  published  in  the  Magazine,  and  all  die  more 
interested  as  I  find  tne  statements  supported  by  fatitB.  I  take  the 
liberty  of  sending  von  a  notice  of  some  discoveries  recently  made, 
which  bear  particularly  upon  tlie  origin  of  the  great  day  fonnation 
spread  over  the  Valley  of  the  Amason.  It  is  well  known  that  Pro- 
fessor Agassiz,  both  before  and  after  his  virit  to  BrazU,  considered  it 
**  Drift,"  the  aocomnlation  of  detritus  brought  down  from  the  Andes 
by  glaciers.  His  theoiy  rests  mainly  on  the  supposed  absence  of 
fossilB,  neither  he  nor  your  countryman  Mr.  Bates  finding  anv. 
But  in  my  late  expedition  across  the  continent  I  discovered  a  fossu- 
iferouB  deposit  at  JPabto,  and  since  then  my  valued  correspondent, 
Mr.  Haaxwell,  at  my  suggestion,  has  explored  in  other  places  on  the 
^  Amazon,  and  found  uiem  in  abundance  near  Cochaqninas,  on  the  south 

^^  side  of  the  Mewwoa.  The  shells  are  all  found  in  the  coloured  plastic 
clays,  which  etretch,  unbroken,  from  the  foot  of  the  Andes  to  the 
Atlantia  I  have  placed  these  interesting  fossils  in  the  hands  of  our 
eminent  palsBontologist,  T.  A.  Conrad,  Esq.,  of  Philadelphia,  for 
determination,  and  the  result  is  as  follows :  17  spedee,  all  extinct ; 
9  genera,  six  extinct^  The  forms  are  all  very  singular  and  unique, 
and  from  their  extermination,  especially  of  one  genus,  wHli  aU  its 
representatives,  we  infor  that  the  formation  cannot  be  late  Tertiaiy, 
and  may  be  Miocene.  The  species  indicate  fresh  or  braddsh  water 
life ;  and  the  perfect  preservation  of  the  most  delicate  parts,  some 
specimens  retaining  even  the  epidermis,  shows  a  quiet  lake  or 
estuary.   There  certainly  are  no  indications  of  a  "  grinding  glacier." 

.         — I  am,  yours,  etc.,  James  Obton. 

YassAh  Colleob,  Pouohkebpsib,  Nbw  York, 
*     October  7,  1870. 
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Petroleum. — In  the  Records  of  the  Greological  Survey  of  India, 
there  appears  a  notice  by  Mr.  A.  B.  Wynne,  F.G.S.,  of  the  occurrence 
of  Petroleum,  (near  the  village  of  SAdkal),  near  Futtijung,  west  of 
Rawul  Pindi,  in  the  Punjab.  As  usual  in  the  Punjab,  the  Petroleum 
at  this  place  occurs  in  the  Nummulitio  Tertiary  rocks,  which  consist 
mainly  of  grey  grits  and  sandstones,  with  some  bands  of  grey  fossil- 
iferous  limestone,  interstratified  witii  thick  zones  of  red  shale.  The 
Petroleum  pits  are  bounded  by  rocky  ridges  of  slight  elevation,  on 
both  sides  of  which  the  Tertiary  rocks  are  much  contorted  along 
narrow  axes,  possessing  considerable  regularity  of  strike,  and  dip- 
ping at  high  angles.  Fossils  occur  close  by  the  Petroleum  pits,  as 
well  as  to  the  north  and  south  of  them.  Orbitolites  are  by  far  the 
most  numerous,  but  fragments  of  bivalve  shells  are  also  to  be  found, 
together  with  teeth  of  sharks  and  large  bones.  It  is  understood  that 
the  mineral  oil  produced  from  this  locality  is  to  be  used  for  lighting 
the  Station  of  Rawul  Pindi  with  gas.— H.  W.  B. 

'  The  liying  genera  are  Hemisinus,  Bulimus,  and  Neritina, 
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L — ^NoTES  ON  Eabthquakes. 

GOMMTJNICATED   BT  THE   PKEHIDBNT  07  THX  GEOLOGICAL  SOCIBTT   07  LONDON. 

Sib, — I  beg  to  send  you  a  notice,  seemingly  made  with  much  care, 
reepectiug  the  origin  and  occurrences  of  esuiJiquakes  in  England, 
which  I  find  among  some  MSS.  of  an  ancestor  of  mine,  who,  towards 
the  end  of  last  oentury,  was  an  active  Fellow  of  the  Society  of  Anti* 
quaries.  It  is  curious  as  a  record  of  the  crude  notions  on  volcanic 
phenomena  prevalent  to  so  near  our  times,  and  may  be  of  some 
interest  as  a  list — albeit  imperfect — of  the  numerous  earthquakes 
noted  in  a  countiy  where  earthquake-movements  are  exceptional 
occurrences,  and  as  a  record  of  some  peculiar  phenomena  which, 
notwithstanding  the  quaint  and  pretentious  narration,  have  con* 
siderable  geological  interest.  According  to  this  record,  the  earth- 
quakes were  distributed  as  under  by  centuries  and  seasons. 

January   2. 

February 3. 

March 2. 


Ifih  Century,  6. 


12th 
13th 
14th 
15th 
16th 
17th 
18th 


» 

» 

>« 


16. 

6. 

3. 

1. 

6. 

9. 
13. 


Total 59. 


April    4. 

May 5. 

June. 0. 

July 3. 

August 4. 

September   ...  6. 

October    1. 

November    ...  1. 
December 6. 


Winter  months  •  11. 

Spring 11. 

Summer 7. 

Autumn  8. 


This  shows  a  great  prevalence  of  earthquakes  in  the  12th  century, 
a  gradual  decrease  in  numbers  to  the  15  th,  and  then  a  gradual  in- 
crease to  the  18th  century.  They  seem  also  to  have  been  more 
numerous  in  winter  and  spring  than  in  summer  and  autumn.  The 
months,  however,  in  many  cases  are  not  recorded,  and  no  doubt  the 
general  record  is  confined  to  the  more  important  and  noticeable 
catastrophes.  Joseph  Pbestwich, 

President  Geological  Society  of  London. 

OF  SABTHQUAKES,    BT  MB,    SIB  JOHN   PBESTWIOH,   BABT. 
Written  apparently  about  the  year  1796. 

The  efficient  or  natural  causes  of  all  Earthquakes  may  be  reduced 
under  four  general  heads,  viz.,  Efficient,  Material,  Formal,  and 
Final.  The  first  proceeds  from  the  heat  of  the  sun,  which,  by  its 
continued  heat,  and  dry  weather,  cracks  the  earth  in  such  mannAx 
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that  it  gapeih  for  moiBtme,  which  fiEdling  in  At  night  it  gteedily 
Bwalloweth  or  imbibeth  all  the  Bondiy  ex^JlationB  of  heat  and  cold 

generated  by  virtue  of  the  sun,  eto.,  and  these  being  further  atlxacted 
y  the  internal  porcB  of  the  earth  and  other  concommitant  matter, 
quickly  oauseth  a  fermentation,  which  being  pent  within  the  con- 
cavities of  the  earth,  and  not  having  proper  vent  to  issue  forth  by 
reason  of  the  vapors,  grossnees,  unctuosily,  and  inflammability, 
which  penetrating  through  the  difibrent  intricaoys^  and  combating 
with  the  minute  and  dose  compaotedness  of  the  different  stratas 
that  compose  the  body  of  the  earui  which  involves  them,  and  therein 
increasing,  and  being  pent  up,  and  not  finding  a  passage  ont»  it 
swells,  and  thus  further  impregnating  the  earth  with  a  combustdile 
which  at  length  bursts  forth  and  so  violently  shakes  the  earth  as  to 
cause  a  trembleing  with  a  dreadful  noise,  whidi  is  sometimes  attended 
with  flames  of  fire  and  such  internal  convulsions  and  filling  in  of 
mountains  and  leveling  of  them,  sinking  of  islands  and  other  grounds 
as  Helioe  and  Buris :  so  likewise  of  the  earth,  which  onoe  was  where 
now  is  only  three  deep  pits  at  Oxenhall,  in  the  county  of  Duiham, 
commonly  called  Hell-kettles,  in  tbe  24Ui  of  Heniy  IL,  and  which 
the  Chronicle  of  Tinnwuik  witneeselh  in  these  words,  That  ▲.d.  1179, 
upon  Christmas-Day,  at  Oxenhall,  in  the  out-fields  of  DarUngUm^  in 
the  Bishoprick  of  Durham,  the  earth  rais'd  itself  up  to  a  great  heigfat 
in  the  manner  of  a  lofty  tower,  and  remained  all  that  day  till  the 
evening  (as  it  were  fix'd  and  unmoveable)  in  that  posture ;  but  then 
it  sunk  down  with  such  a  horrid  noise  that  it  terrified  all  the  neigh- 
bors, and  the  earth  suck'd  it  in,  and  made  there  a  deep  pit  which 
continuBH  to  this  day.  So  also  have  the  effects  of  earthquakes  been 
recorded  as  the  conversion  of  plain  fields  into  mountains,  and  the 
raising  of  mountains  in  the  sea,  as  Thia,  Thebagia,  Delos,  Rhodes, 
etc.  Thus  in  like  manner  have  mountains,  buildings,  trees,  eta, 
been  translated  from  one  place  to  another,  not  to  mention  the  follow- 
ing, as  that  of  a  whole  town  in  Lombardy,  in  the  reign  of  Henry  the 
First ;  that  in  the  thirteenth  of  Queen  Elizabeth,  of  a  hill  of  twenty 
acres,  with  a  great  rock  under  it,  at  Kinaston,  in  Herefordshire ;  and 
that  of  another  in  Anno  1583,  which  removed  a  field  of  three  acres 
at  Blackmoro  in  Dorsetshire.  Other  consequences  have  been  as  the 
driving  away  or  cutting  the  neck  of  some  Isthmus  from  the  Conti- 
nent For  thus  (saith  Seneca)  was  Sicily  divided  from  Calabria; 
Spain  from  Africa;  and,  if  Yerstegan  say  true,  our  Britain  from 
France,  not  to  mention  those  that  have  happened  in  our  days  at 
Lisbon,  in  Portiigal,  or  those  in  Italy.  Not  to  mention  that  which 
happened  in  Jamaica  in  the  year  1692,  which  was  owing  to  eruptions 
of  fire  that  havcing  consumed  the  bowels  of  the  earth  the  ground 
sunk  in,  and  the  opening  was  so  wide  and  dreadful  that  trees,  houses, 
etc.,  were  swallowed  up;  thus  answering  King  David's  account 
when  ho  wvyeth,  "  The  earth  shook  and  trembled,  the  foundations  also  of 
the  hills  morcd,  and  were  shaken ;  because  he  was  wroth,**  The  con- 
tinuance of  earthquakes  are  uncertain,  seeing  tliat  they  aro  only  in 
proportion  to  the  greatness  of  their  close  vapour  and  fimmess  and 
solidity  of  the  earth,   that  contain  gross  airs  and   sulphureous  or 
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bitnminouB  matters,  which  uniteing  in  the  maimer  of  fermentatioiv: 
and  swelling  with  heat,  immediately  kindles,  which  being  fhrther 
assisted  by  the  pent-up  air,  which  being  now  in  a  Tioli^t  motibny 
cannot  rarefie  and  desperse,  but  encreasing  take  fire  all.  at  once,  and 
bursting  forth  with  a  sudden  concussion  which  make^all  the  ground 
above  to  tremble  and  be  convulsed,  so  as  to  cause  an-  earthquake 
attended  with  a  great  noise  like  thunder,  and  frequently  an  erruption 
of  water,  smoke,  fire,  wind,  etc.,  also  the  dividing  or  fcjling  in  of 
the  earth  as  is  before  observed,  by  which  means  frequently  whole 
cities  have  been  swallowed  up  and  destroyed. 

Eartrquakbs   that   hayb    bappbnsd    nr^   Hnolakd^    as   bboobbbd  iir  wm 

Antisnt  Hibto&ians. 

974.       A  very  great  earthquake  throoghoiitEoj^Iand.    Sim.  Dundm.  JSM,  eo\,  169^ 
1043.      Maj  1.  A  very  ereat  earthquake  in'  Woroettenhire,  Warwiokskire,  Derhj^ 

and  many  other  pTaoea.    A  great  mortality  among  the  cattle,  H  ifnis  aerius^ 

9ulgo  dieiut  nlvatiem,  in  SerheymM  provineiaj  et  qmhutdam  ahis  provineiia^ 

9ill4u  ei  9eg*Ut  muUat  mtuUtvit.    S^  Dmtehn.  ooL  183.    /.  BrompHm,  col.  939. 
1067.        Tgrrttmotm  ingen$  totam  Anglictm  exterruity  Z"*  Idut  Aug.  horrendo  miraeuh 

ut  nediJMa  omnia  eminM9^  retilirentf  §t  max  pri$tino  more  ruidiront       Wi 

Maimsi.  p.  125.  od.  Franrf. 
1076.       March  27.  A  general  earthquike  in  England ;  and  a  frost  from  Novemher  k 

to  the  middle  of  April.    IT.  JTm^hi.  p.  227,  td.  1601. 
1081.       April  25.  One — eum  graviterra  getnitu.     M.  Paris,  p.  n.  <d.  164(h 
1089^       Angoft  11.  About  thne  o'clock  a  very  great  one  all  oyer  England.     ChroiK 

SoMm^  and  Sim.  Jhmelm.  SUt.  col  215. 
1090;.      One  throughout  all  England,  followed  by  a  great  scarcity  of  fruit  and  a  late 

haireet. 
1110.       A  very  great  earthquake  at  Shrewsbury.    76.  col.  232.    One,  •(.  Shropshire;. 

1116.  One  in  December. 

1117.  December  11.  At  midnight,  Urra  mota  gtty  et  luna  werMt  in  oanguinom^ 
M.  TFestm.  p.  229. 

1 1 19.  September  29.  An  earthquake  in  many  places  in  England;  particularly  ia 
Gloucestershire  and  Worcestershire.    S.  Dun.  col.  240,  and  Ghron.  Saxon, 

1120.  One  in  Septemb«r. 

1122.       July  25.  A  great  one  over  all  Somersetshire,  and  in  Gloucestershire.     Chr,, 

Saxon. 
1129.       A  great  one  on  St.  Nicholas's  day.    Ibid. 

1133.  An  earthquake  in  England,  which  threw  down  many  houses;  and  fire  burst 
out  of  tiie  earth.    Solinsh.  p*  44^ 

1 134.  One  on  the  2d  of  August ;  just  as  King  Henry  was  about  to  take  ship,  and 
smI  for  Normandy,  there  was  a  most  terrible  earthquake.  During  the  earth- 
quake, flames  of  fire  burst  out  of  certain  riffs  of  the  earth  with  great  riolence. 

1142.       December  25.  One  felt  thrice  at  Lincoln,  and  about  the  northern  parts.    S^ 

Dun.  col.  268,  and  Soger  de  Hoved.  p.  629; 
1145.       January  25.  At  midnight  a  great  one.     ffhron.  Oerv.  col.  1398. 
1158.       One  in  many  parts  of  ^gland,  and  the  river  Thames  dried  up  at  London. 

Chr.  Oervats  col.  1380. 
1165.       January  25.  One  in  Ely,  Norfolk,,  and  Suffolk,  which  threw  people  down, 

and  made  the  bells  ring.     M.  Parie^  p.  104. 
1185.       April  15.  A  great  earthquake  —/^«  per  totam  Angliamj  qualit  ab  initio 

mundi  in  terra  ilia  non  erat  auditue;  petra  enim  eeieuB  sunt;  domue  hpidem 

eeeiderunt ;  eeelesia  Lineolnieneie  Metropolitana  ecisea  est  A  summo  deorsum. 

£.  de  Hoveden,  p.  629. 
1187.       An  uniyersal  one,  great  and  horrible — ita  ut  etiam  in  Anglia,  ubi  raro  eon^ 

tigity  multa  adijida  eubverterentur.     M.  PariSy  p.  144. 
1199.       May  22.  A  great  one  in  Somersetshire  and  Noilolk— t^a  ut  ttantea  proetrdrit, 

R,  de  Dieeto  YmaginineSy  col.  709. 
1238.       One  at  Huntingdon  and  other  places.    JloUmked,  p.  217.  ^ 
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U47.      Febnuurj  18.  An  Mrtliqnkt^  flkifliy  Mk  is  tib  rifv  Hmmi  (JUmku). 

Jf.  Farit,  p.  723. 
1248.      December  24.  A  dreadfol  one  in  SomeneteHre.    Ih.^  p.  7M. 
It60.      December  10.  One  tt  St.  Albuu  and  ptrti  a^iaaenL    JT.,  p.  008,  md 

Moliiuh.  p.  248. 

1274.  One  in  England.    AofintAnl,  p.  277. 

1275.  September  11.  One  all  over  England,  ohieflj  in  tbewntb  and  wertem  parti, 
as  SomerBetihire»  etc,  which  threw  down  St  Michael's  Chireh  on  tha  Bill 
(now  called  the  Torj,  at  Glastonbory.  Anr.  *  JS^|iyiU9M»  eoL  2461 ; 
IWM  An.  p.  247 :  MolimMh.  p.  276. 

^828.      Norenber  14.  Xhe  greatest  eaitiiqnake  efv  known  in  wngiand. 

1880.      Haj  21.  An  earthquke  all  over  itngland,  which  mneh  ahoek  and  shattMad 

some  of  the  bnildinn  in  Canterbuy.    Ckr,  IT.  I^em,  ooL  2167. 
1^882.       May.    A  geMcid  eacftqnake,  yery  dreadftd,  with  thunder  and  BAtSBlig, 

which  did  much  miKhiet    The  Friday  following  one  leas.    The  Satarday 

following  one  folt  mostly  by  water.    Am,  d$  Kn^htm^  ooL  2644 ;  HUmaL 

p.  440. 
1426.       September  28.  A  Tery  dreadful  earthquake,  with  thunder  and  tightening. 
1563.       In  September.  One  in  diven  places  of  the  realm,  especially  in  liscohiMiie 

and  Northamptonshire.    HolmAsd,  p.  1206. 
1571.     One  in  Herefordshire,  which  removed  the  «arth.    8U¥^9  Ammual^  40  Edit, 

p.  1131. 
11^75.       February  26.    Oreat  -earthquakes  at  York,  Worcester,  Gloucester,  Bristol, 

Hereford,  and  counties  adjoimnj^.    Soii$uhed  describes  i^  p.  1260. 
1580.       April  6.  A  very  great  one  m  London,  and  almoat  generally  througbont 

England,    ffolinshsd  describes  it  at  p.  181 L 
1580.      May  1.  One  in  Kent    Solintk.  p.  1818. 
1657.       Jufy  8.    One  at  Brickley  Heath,  in  Cheshire  (p.  395).    Twenty  yards  of 

ground,  with  trees  growing  thereon,  feU  in  30  yards  deep,  and  in  plaoe  thereof 

nothing  but  water. 
1665.       One  at  Oxford,  but  attended  with  no  ill  effects. 

1677.  Ouc  at  Wolyerhampton  in  Co.  Stafford,  no  ill  effects. 

1678.  In  Staffordshire  and  Derbyshire,  no  iU  effects. 
1680.       In  Somersetshire,  no  ill  effects. 

1683.       At  Oxford  and  in  Lincolnshire,  no  ill  effects. 

1G92.       A  great  une  in  England,  no  ^eat  injury. 

1693.       September.  An  earthquake  in  England,  France,  and  Germany,   100,000 

perisncd  by  it  in  Sicily,  and  the  chief  town  in  Jamaica  was  destroy^. 
1696.       One  at  |*almouth,  no  ill  effects. 
1703.       One  in  the  North  of  England,  no  ill  effects. 
1727.       In  Cheshire  and  Wales,  and  idmost  aU  along  the  Western  coast,  as  at 

Bristol,  etc. 
1732.       In  Argyleshire,  Scotland,  and  all  aloag  the  West  coast  of  Great  Britain,  but 

to  no  great  breadth  ;   no  ill  effects. 
1734.       October  25.  At  Portsmouth,  Milton,  and  most  parts  of  Hampshire;  also  at 

Lewes  in  Sussex,  and  all  along  the  coast  for  twenty  miles  ;  no  iU  effects. 
1/36.       April  3  and  May  1.  At  OchUl  HiUs  in  Scotland,  no  ill  effects. 
1*^39.       December  30.  In  the  West  Riding  of  Yorkshire,  no  ill  effects. 
1747.       July  1.  At  Taunton,  and  40  miles  round,  no  ill  effects. 
1^49.       In  Scotland,  no  ill  effects. 
1  /  50.       One  at  I^ondon  and  the  neighbouring  parts— on  February  8,  and  another 

yer}'  yiolent  one  on  March  8 ;  also  on  the  18th  of  the  same  month,  one  at 

l*ort8niouth,  Gosport,  and  the  Isle  of  Wight ;  no  very  great  injury. 
1755.       Note  the  great  one  at  Lisbon,  the  remoter  effects  of  which  were  felt  in  this 

kingdom,  as  in  many  other  distant  parts. 
1767.       One  in  the  North'of  England. 
1783.       One  at  Oxford. 
1786.       August  II.  One  in  Lancashire,  extending  from  the  North  to  the  South  ss 

far  aa  Manchester,  where  it  was  sliifhtly  perceiyed.    August  11 felt  in  the 

Xkland  in  Winander  Meer ;  no  veiy  bad  effects. 
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OF  THS   WsSTSBN   GoUNTISS. 
Bj  M188  OhABLOTTB  ETTOlf. 

IT  is  a  well-known  fact  that  the  shell-bearing  gravels  of  the 
Western  counties  repose  in  many  localities  immediately  upon  a 
bed  of  blue  or  grey  clay.  This  bed  has  been  described  as  it  appears  in 
Lancashire  and  Cheshire,  by  Mr.  Binney' ;  and  more  recently  by 
Professor  HuD»;  m  North  Wales  by  Mr.  R.  D.  Darbishire'; 
near  Bugby  by  Mr.  Wilson^ ;  and  in,  numerous  localities  by  Messrs. 
Taylor,  H.  F.  Hall,  D.  Mackintosh,  and  other  contributors  to  the 
Gkolooical  Maoaziks,  in  various  papers,  all  testifying  to  the  great 
extent  and  importance  of  this  bed. 

A  line  drawn  from  north-west  to  south-east,  from  the  Menai 
Straits,  passing  through  Shrewsbury  and  Coal-brook-dale,  and  a 
little  to  the  south  of  Kugby,  will  give  a  probable  approximation  to 
the  southern  boundary  of  this  clay.  On  the  west  it  extends  into  the 
bed  of  the  Irish  Channel,  but  does  not  attain  to  any  great  thickness 
among  the  Welsh  mountains,  though  in  the  neighbourhood  of 
Llandudno  Mr.  ELall  assigns  to  it  the  unusual  depth  of  150ft.^ 

It  appears  to  arrive  at  its  greatest  importance  in  the  level  plain  of 
North  Shropshire,  Cheshire,  and  Lancashire,  where  it  varies  from 
about  25ft.  to  100ft.  thick.  In  Shropshire  and  in  the  neighbourhood 
of  Crewe  it  is  a  stiflf  pure  clay,  free  from  silt,  and  with  but  few 
included  fragments,  and,  very  rarely,  shells.  It  has,  in  fact,  all  the 
character  of  a  deep-sea  deposit.  On  the  east  of  the  plain  it  thins 
out,  leaving  the  shell-bearing  gravels  in  the  neighbourhood  of  the 
Wrekin,.  to  repose  immediately  upon  the  rock  or  upon  the  intercalated 
beds  of  red  sand  and  mud  which  occur  at  all  levels,  being  derived 
firom  the  Bed  Sandstone  of  the  locality.  The  same  is  the  case  in 
Cheshire,  where  the  blue  clay  is  found  in  its  fullest  development 
round  Crewe,  but  disappears  beneath  the  sandy  gravels  which,  on 
the  west  of  Congleton  Edge,  and  above  Macclesfield,  repose  directly 
upon  the  grit  Isolated  patches,  however,  occur  at  high  levels 
further  east  One  of  these  is  seen  near  Swithamley  Park,  the  seat 
of  —  Brocklehurst,  Esq. ;  and  in  the  lower  part  of  the  Biddulph 
synclinal,  east  of  Congleton  Edge,  there  is  a  small  bed  of  impure  clay, 
the  constituents  of  which  seem  to  be  chiefiy  blue  clay  largely  mixed 
with  sand  of  various  colours  derived  Arom  the  local  grits. 

The  most  southern  point  at  which  I  know  this  bed  to  occur  in 
Shropshire  is  a  clay-pit  near  Leaton,  between  four  and  five  miles 
west  of  Shrewsbury.  It  is  highly  probable,  however,  that  it  forms 
the  base  of  StrethiH,  Coal-brook-dale. 

In  sinking  a  well  at  the  Old  Woods  clay-pit,  about  a  mile  from 
the  former  locality,  a  bed  of  fine  gravel,  containing  round  quartz 
pebbles,  flints,  and  granite,  was  found  under  25  feet  of  clay.     The 

^  Pap«n  read  before  the  Manchester  Geological  SocietTt  1842. 

*  Glacial  Phenomena  of  Western  Lancashbe  and  CheMure. 

'  Memoirs  of  the  Literary  and  Philosophic  Society  of  Manchester,  1868. 
«  Report  of  the  Kugby  School  Natural  History  Society,  1869. 

*  GaoLOOiOAL  Maoauxb,  Not.  1870. 
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base  of  the  bed  has  not  yet  been  xeaohed,  and  no  sheik  harve  hitheito 
been  found ;  but  as  it  has  only  been  newly  opened,  it  is  hoped  that 
we  may  obtain  some  speoiniens  diffiaring  from  those  fonnd  in  the 
overlyiDff  gravels. 

Mr  Wilson's  desoription  of  the  blue  day,  near  Bugbv,  tallies  so 
well  with  that  of  the  above  bed,  that  thero  seems  soaroely  any  diffi- 
culty in  recognizing  it  for  the  same;  and  what  is  still  more  important, 
is  the  fact  that  in  some  of  the  localities  which  he  desonbes  there  are 
chalk  fragments  contained  in  the  day,  thus  very  nearly  identifying  it 
with  the  ''.pm-ple  day  with  chalk"  >  of  Mr.  Searles  Wood.  He  says: 
"Below  the  gravel,  in  sinking  Mr.  Darnell's  well,^  (at  Hill  Morton) 
'*wa8  a  stiff  sandy  soil,  wet  with  streaks  of  white  and  red  day, 
then  a  stiff  blue  clay  containing  chalk  pebbles,  three  or  four  feet»  and 
finally  blue  clay  containing  nodules  of  Limestone."  "  At  the  slope  of 
the  hill,  on  the  way  towards  Clifton,  the  London  and  North- Western 
Bailway  offers  a  magnificent  section  through  this  deposit^*  (clayey 
sand).  "The  cutting  is  not  less  than  60  feet  in  depth  and  three- 
quarters  of  a  mile  long,  and  exposes  a  re-formation  of  Lias  day  con- 
taining soratched  stones.  I  have  put  in  the  school  collection  well- 
striated  blocks  of  Liassic  Limestone  and  Chalk  and  some  £ints,  and  a 
curious  group  of  serpulae." 

It  is  not  my  intention  in  this  paper  to  enter  into  a  minute  de- 
scription of  the  deposit  under  consideration,  that  having  been  fre- 
quently done  in  reference  to  separate  loodities.  I  rather  wish, 
after  attempting  a  definition  of  its  boundaries,  to  bring  forward  some 
poiuts  regarding  its  relatiou  to  the  superincumbent  beds,  and  thus  to 
the  whole  series  of  drift  deposits,  wliich  may  result  in  assigning 
to  it  aud  them  a  more  definite  and  satisfactory  position  than  they 
now  occupy.     The  points  submitted  are — 

Tliat  the  blue  clay  of  the  Western  counties,  underlying  the  shell- 
bearing  gravels,  strikingly  resembles,  in  most  of  ite  characteristics, 
the  "  purple  clay  without  chalk  " '  of  Mr.  Searles  Wood. 

Tliat  it  passes  in  the  neighbourhood  of  Bugby  into  a  similar  bed 
containing  chalk,  just  as  the  purple  clay  of  Yorkshire  does  on  ap- 
proaching the  Chalk  district 

That  in  the  Cheshire  and  Shropshire  plain  it  is  apparently  tbe 
deposit  of  a  deep  and  calm  sea,  whereas  the  superincumbent  sands 
and  gravels  must  have  been  thrown  up  in  shallow  and  disturbed  water. 

That  the  isolated  patehes  of  clay  occurring  upon  the  hills,  con- 
siderably to  the  east  of  the  main  bed,  afford  evidence  of  currents 
passing  from  east  to  west  during  the  height  of  the  submergence. 

Tliat  there  being  no  overlying  clays  of  equal  extent  and  thickness, 
and  equally  persistent  and  uniform  in  their  characteristics,  it  follows 
that  there  has  been  no  general  submergence  of  equal  depth  since  its 
deposition. 

That,  therefore,  it  must  coincide  very  nearly,  in  point  of  time  as 
well  as  in  general  appearance  and  character,  with  the  "  true  or  great 
Boulder-clay"  of  the  Eastern  counties  deposited  during  the  height  of 

^  GnoLooicAL  Magazine,  Januarj,  1870. 
^  Oeui.oc%icai.  "^kA^^K^  January,  1870. 
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the  latest  general  submergenoe,  as  shown  by  Messrs.  Harmer  and 
Searles  Wood,  in  their  paper  read  before  the  British  Association  at 
Norwich ;  and  that  consequently  all  the  overlying  marine  beds  belong 
to  the  period  of  emergence,  or  may  be  accounted  for  by  minor  and 
partial  subjnergences. 

The  term  <<  Glacial/'  applied  to  these  beds,  is  somewhat  vague. 
The  period  of  glaciation  in  the  Northern  and  Midland  counties  must 
have  extended  into  comparatively  recent  times  when  the  land  had 
for  the  most  })art  risen  above  the  retiring  waters,  for  we  find  striated 
and  travelled  fragments  in  beds  of  much  later  date  than  that  we  have 
been  considering.  But  if  the  term  '^  Glacial"  is  to  be  restricted  to 
those  beds  which  were  deposited  during  the  progress  of  the  great 
submergence,  as  distinguished  from  those  which  were  formed  after 
the  emergence  commenced,  then  the  blue  clay  must  be  held  to  be 
the  latest  glacial  bed,  notwithstanding  the  evidences  of  ice-action 
which  occur  on  a  later  horizon.  It  would  be  well  to  arrive  at  a 
definite  conclusion  on  this  point,  as  well  as  on  the  use  of  the  term 
Boulder-clay,  as  it  may  be  the  source  of  some  confusion,  especially 
to  the  unlearned. 

The  accompanying  table  shows  the  position  of  the  drift-beds  in 
the  Eastern  and  Western  counties  relatively  to  each  other  and  to  the 
period  of  the  greatest  general  submergence ;  supposing  the  position 
assigned  to  the  blue  clay  to  be  the  true  one,  the  rest  necessarily 
follows. 

TABLB    8HOWINO     THB     BBLATIYB     POSITION     07    THB     MA&DfB    DRIFTS    IN     THB 

EASTERN  AND  WESTERN  OOIJNTIES. 

Sa$tem  Cbunties,  Western  Counties, 


The  Hessle  clay  and  grarel  lies  some- 
where near  this  horizon.  Also  the  Eelsea 
HiU  beds  with  Oyrenafluminalit^  a  species 
never  found  in  the  Western  counties. 


Esker  or  re-assorted  drift. 


Bed  clay  with  travelled  and  striated 
fragments. 


Shell-bearing  sands  and  grayels,  con- 
taining none  but  liring  species  in  con* 
nexion  with  mammalian  remains. 


Period  of  the  greatest  submergence. 


Purple  clay  without  chalk  of  York- 
shire, etc. 

Blue  clay  without  chalk,  passing  at 
Bugby  into 

Purple    day   with   chalk,    or    Great 
Boulder-clay  of  the  Eastern  counties. 

Blue  clay  with  chalk. 

Middle  Glacial  sands  and  grarels,  con- 
taining extinct  species  and  genera.    No 
mammals. 

Grarels  underlying  the  blue  clay.  The 
exact  horizon  is  doubtful. 

Lower  Glacial  beds. 
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MSDirSBBAKEAK    00A8T-Lm.^ 

By  Gbobob  Haw,  FX.S^  F.Q.S^  ete. 

THERE  is,  perhaps,  no  question  of  greater  interest  in  the  whole 
range  of  physical  geography  than  the  oiroomstanoes  that  have 
determined  the  existence  on  we  earth's  surface  of  large  and  com- 
paratively unbroken  areas  of  land  and  water,  involving  as  it  does 
the  debateable  subject  of  marine  and  sub-aerial  denudation,  and  the 
oarefdl  weighing  of  eyidence  on  the  just  apportionment  of  these 
operations  and  of  oscillations  of  level  that  have  brou^t  about  the 
existing  boundaries  of  sea  and  land. 

No  observer,  who  has  given  the  subject  the  least  consideration, 
can  pass  in  review  new  scenes  of  coast-line  without  having  his 
attention  directed  to  the  evidences  bearing  on  it;  and  having  re- 
cently visited  the.  Mediterranean,  I  beg  to  submit  some  remarks  on 
a  few  of  the  many  indications  of  change  of  level  which  its  coast 
presents. 

These  may  be  considered  under  the  following  heads : — 
1st.    The  Coast  Structure,  and  the  form  of  the  land  on  the  sea-boaid. 
2nd.  The  Inset  Current  f^om  the  Atlantic. 

drd.  The  Limestone  Caverns  and  Submarine  Springs  on  the  Coast- 
Line. 
4th.   The  Lagoons  on  the  Coast, 
6th,  The  Coast  Deposits  of  Post-Tertiary  Age. 

EVIDENCES   OF   DEPRESSION. 

Ist.  Coast  Structure, — On  entering  the  Straits  of  Gibraltar  from 
tho  Atlantic  a  notable  change  takes  place  in  the  aspect  of  the  coast. 
Cape  St.  Vincent,  on  the  Atlantic  coast,  presents  a  bold  line  of  cliflfe 
to  the  sea,  and  bluff  cliffs  extend  many  miles  towards  the  Straits ; 
but  as  soon  as  these  are  passed  a  change  of  coast-form  takes  place, 
which  must  l>e  noticeable  to  every  observer.  Cliffs  on  the  sea-board 
become  the  exception^  and  the  general  line  of  the  coast  is  merely  a 
shelving  under  the  sea  of  the  general  hill-and-valley-system  of  the 
land,  the  sea  running  up  all  the  depressions,  and  the  land  elevations 
spreading  out  into  the  sea  with  scarcely  any  abrupt  cliff-line  of 
demarcation.'  Tlie  imeven  sea  bottom  of  the  Straits  seems  to  be  a 
continuation  of  tho  contour  of  the  adjacent  land,  consisting  of  rolling 
alternations  of  hill  and  valley  which  must  have  received  its  con- 
formation by  sub-aerial  agencies. 

1  Read  at  the  Liverpool  Meeting  of  the  Britiih  AflMxnation,  1870. 

'  It  is  true  that  hoth  Gihraltar  on  its  eastern  ftice  and  Apes  Hill  on  the  African 
coast  facing  the  north  present  cliff-like  contours,  but  in  neither  case  are  these  on  the 
present  sea-board :  most  of  the  Gibraltar  escarpment  is  separated  by  an  interrening 
deposit  of  sand,  and  is  not  washed  by  the  sea,  and  the  fiace  of  Apes  Hill  is  set  back 
from  the  sea  by  an  intervening  nndercliff ;  and  I  am  inclined  to  attribute  to  both 
escarpments  an  earlier  origin  than  the  existing  coast-line  of  the  Straits.  The 
Gibraltar  escarpment  appears  to  be  on  a  lino  of  fanlt  which  is  yinble  in  the  Lime- 
stone at  the  Bouthem  extremity  of  the  peninsula  near  Europa  Point. 
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Corsica,  and  the  adjaoent  islands  of  Elba,  Caprieia,  and  Monte? 
Cbristo,  aro  also  remarkable  for  the  absence  of  diffs,  and  are  want^ 
ing  in  those  abrupt  escarpments  separating  land  and  water  which 
are  so  abundant  on  our  own  coasts.  Their  aspect  is  that  of  moun-? 
tain  tops  rising  out  of  the  sea,  suggesting  to  the  eye  the  seaward 
prolongation  of  their  sub-aerial  contour  of  sloping  hill-sides  and 
river-cut  valleys,  as  though  the  sea  had  not  stood  sufficiently  long  at 
its  present  level  to  excavate  an  escarpment.  The  deep  intersecting 
bays  that  occur  along  tlie  coast  from  Marseilles  to  the  Beviera,  sug- 
gest the  same  conclusion,  the  undulating  land  surface  spreading 
down  to  the  water's  edge,  and  the  deep  bays  running  up  the  inter- 
Tening  valleys,  which  must  have  had  an  origin  common  with  that 
of  their  landward  prolongations. 

One  of  the  most  noticeable  of  these  inlets,  is  the  Etang  de  Berre, 
skirted  by  the  railway  between  Aries  and  Marseilles.  It  has  a 
superficial  area  of  about  90  square  miles.  It  is  entirely  land-locked, 
shut  in  by  high  ground  of  Jurassic  limestone,  and  connected  with 
the  sea  by  only  a  very  narrow  outlet.  There  is  an  absence  of  cliff 
structure  on  its  border,  to  which  the  surrounding  land  slopes  down 
in  gentle  undulations.  The  sea  cannot  have  effected  its  excavation 
through  the  existing  narrow  channel,  and  its  basin  must  be  a  valley 
of  sub-aerial  denudation,  into  which  the  salt  water  has  recently 
entered  from  the  Mediterranean  on  the  subsidence  of  the  land.  It 
is  altogether  different  in  character  from  the  Stagnos  or  salt-water 
lakes  on  the  low  coasts.  The  almost  complete  isolation  of  this 
curious  sheet  of  water  suggests  an  affinity  with  the  salt  lakes  of 
Algeria  and  other  parts  bordering  on  the  Mediterranean  coast,  in- 
cluding perhaps  the  Dead  Sea ;  aU  of  which,  probably,  owe  their 
saline  character  to  connexion  at  some  time  with  the  Mediterranean. 
The  various  heights  at  which  they  occur  both  above  and  below  the 
sea-level,  and  the  various  degrees  of  concentration  of  saline  ingre- 
dients, in  relation  to  the  surrounding  areas  of  drainage,  involve 
intricate  questions  bearing  on  the  changes  of  level  and  relative 
antiquity  of  the  movements,  which  it  would  be  of  the  greatest 
interest  to  carefully  work  out. 

2nd.  The  Inset  Current  from  the  Atlantic — Several  theories  have 
been  offered  in  explanation  of  the  causes  inducing  the  current  that 
sets  in  towards  the  Mediterranean  through  the  Straits  of  Gibraltar. 
Receiving  as  it  does  the  sub-aerial  drainage  of  more  than  a  third  of 
Europe  and  a  large  area  of  Africa,  the  natural  inference  is,  that  its 
accumulation  would  pass  outwards  through  the  Straits,  and  it  has 
been  suggested  that  a  deeper  return  curront  towards  the  Atlantic 
compensates  for  the  influx  on  the  surface.* 

Another  theory  is,  that  evaporation  reduces  the  water  of  the  Medi- 
terranean at  a  greater  rate  than  the  supply  from  river  drainage. 
This,  however,  would  only  be  tenable  supposing  the  area  of  evapo- 

1  Sir  C.  Ljell  stated  in  the  disciurion  that  the  existence  of  a  reyene  current  at  a 
greater  di^th  had  heen  disproTod. 
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mlioii  bore  a  kiger  proportion  to  the  land  avea  of  enppty  fhaa  does 
the  open  ooean  to  its  eooroee  of  aooesmon  from  land  drainage^  wUoh 
ia  not  the  case.  The  evidencea  of  repeated  xeoent  ohaagea  of  level 
in  the  Mediterranean  basin  seem  to  anggest  a  more  aatiafiMioiy 
ezpliuiation,  viz. :  That  the  infloz  through  the  Straits  maj  be  doe 
to  a  gradual  depression  of  the  bottom  11019  gomg  on.  Hie  area  of  tihd 
Mediterranean  is  so  great  compared  with  tlra  width  of  the  Bbaits, 
that  an  amount  of  submergence,  too  slight  to  be  peroeptible  on  liie 
boundary  of  the  area  subject  to  it»  might  produce  sodh  a  oazxent  as 
exists,  through  the  connecting  channel  with  the  Atiantia 

Srd.  lAmesione  Caverns  om  Smbmarine  Sprhgt  on  ike  OoaH  Maei— 
To  the  east  of  Mentone  the  Oolitic  Limestone  is  eztenaiTely  honsj- 
combed  with  cavernous  channels,  some  of  whidi  are  filled  up  widi 
loamy  earth ;  others  are  open ;  and  some  serve  as  ohannds  for  sub- 
terranean streams.  These  caverns,  which  without  doubt  had  a  sub- 
aerial  origin,  are  now,  in  one  place  at  least,  prolonged  to  a  oonsider> 
able  distance  below  the  present  sea-maigin.  At  about  a  mile  to  the 
east  of  Mentone,  just  opposite  the  point  where  the  limestone  is  seen 
to  be  perforated  with  caves  and  chfuinels,  a  fresh- water  spring  bursts 
np  to  the  surface  with  sufficient  strength  to  produce  in  calm  weather 
a  little  oasis  in  the  salt  water.  This  spring  probably  at  one  time 
debouched  on  and  flowed  over  dnr  land,  since  which  the  coast  must 
have  been  considerably  submerged. 

EVIDENCXS  OF  UPHSAV^L. 

4th.  LcLgocmB  on  the  Coast — ^The  brackish  water  lakes  which 
extend  from  the  Spanish  frontier  on  the  west  to  the  delta  of  the 
Rhone,  and'  also  along  the  east  coast  of  Corsica,  present  some  features 
indicating  an  upheaval  of  the  coast  They  are  entirely  distinct  in 
character  from  the  Etang  de  Berre,  the  salt-water  lake  near  Mar- 
seilles before  referred  to.  They  are  bounded  by  narrow  spits  of  low 
land  running  parallel  with  the  general  direction  of  the  coast,  and 
these,  cutting  off,  as  it  were,  the  indentations  of  the  higher  ground, 
give  to  the  coast  on  the  map  between  Perpignan  and  Marseilles  a 
more  direct  line  than  the  higher  ground  actually  follows.  These 
indentations  are  occupied  by  low  marshy  ground  of  an  average 
height  of  eight  or  ten  feet  above  the  sea-level,  and  the  shallow 
lagoons  are  shut  off  from  the  sea  by  bar-like  ridges  of  shingle, 
blown  sand,  and  marshy  meadows.  There  is  little  in  the  character 
of  these  flats  on  the  French  continental  coast  to  distinguish  them 
irom  the  seaward  extension  of  low  ground  seen  at  the  mouths  of 
many  rivers,  and  which  accumulate  independently  of  oscillations  of 
level ;  but  the  lagoons  and  flats  on  the  east  coast  of  Corsica  of  pre- 
cisely similar  character  and  height  afford  evidence  of  a  rise  of  the 
coast  of  at  least  25  feet  since  the  neighbouring  low  ground  was 
deposited. 

The  most  northerly  of  these  is  the  Stagno  di  Biguglia,  SJ^  miles 
south  of  Bastia.  It  is  a  long  narrow  pool  of  brackish  water,  several 
thousand  acres  in  extent,  on  the  sea-margin  of  a  great  level  tract  of 
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iTOlIy  marsh  land,  and  shnt  off  &om  tiia  sea  by  a  narrow  tongue 


Kg.  1.  PUn  of  the  Sugno  <&  BigvgUk,  neur  BmU*. 
The  nuun  road  from  Baatia  to  Corte  skirts  for  several  miles  this 
vel  traot  on  the  inner  side  of  the  Stagno,  and  follows,  with  one 
uoption,  a  perfectly  dead  level.  At  about  five  miles  south  of 
Bstia,  a  sudden  and  abrupt  rise  lakes  place,  and  the  rood  again 
ssoends  to  the  general  level  of  the  marsh.  The  ridge  (R),  extend- 
ig  to  the  edge  of  the  lagoon,  oan  be  traced  inland  np  to  the  rising 
round  of  the  older  formations.  At  first  sight  the  existence  of  this 
mg  ridge  of  drift  resting  on  the  flat,  evidently  levelled  by  the  sea, 
as  difficult  to  account  for;  but  on  descending  to  its  southern  side,  a 


Fig.  2.     Ideal  Saotion  of  tlie  Stagno  di  Bignglii,  d 

nail  stream  running  parallel  with  its  course  sn^iested   an  ex- 
altation.   The  long  ridge  of  drift  is  evidently  oonnepted  with  the 
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•tnam,  as  it  Indflnp  to  wben  the  Mantua,  leam  tiiB  hfll-nde  eta  th* 
edge  of  the  pl&in,  end  evidontlj  oouuto  of  nutter  it  hie  depovted. 
Iba  atreani,  howevw,  under  erirting  couditioni,  ooold  not  ham 
maintuned  ite  ooone  along  the  top  of  &•  ridge;  bnt  if  we  anppoae 
the  level  moiah-land  to  urn  been  at  otw  time  20  <»  26  Ibet  lower, 
and  covered  bj  the  aea,  the  aoonmiilalion  iieatiog  i^onh  ia  acooaBted 
far,  ■■  the  matter  oarried  aeaward  by  Hie  atream  at  ttta  point  wfaen 
it  now  enters  the  nurah  on  Ihe  hiU-iide ;  end  on  ttie  riae  of  Uie  land 
and  the  appearanoa  of  tiie  delta-like  ridge  above  Ae  aea,  the  at  mail 
waa  natonllf  divorted  to  the  lower  levefiriiere  it  now  flowi. 

Sth.  Tke  Goaal  D^otiU  qf  Fott-Terliarf  Agt.—^  my  ofaaem* 
tiona  on  thGae  beda  have  been  limited  to  the  neigbbomlKiod  of 
Gibraltar,  I  shall  confine  m7>elf  to  notioing  a  tvw  examplea  impMw 
an  elevation  of  tlie  ooast-line  at  the  eastern  extremity  of  the  Uedn 
terranean.  One  of  the  moat  remarkable  ia  the  great  maaa  of  Band 
flanking  the  eastern  taoe  of  Gibraltar,  ha  alxeaij  notloed,  most  of 
the  esoaipment  is  not  now  washed  by  the  sea,  being  covered  to  a 
height  of  nearly  700  feet  by  a  huge  depont  of  aand  in  Catalan  Bay. 


Fig.  3.    Eaetern^Ftco  of  Gibraltar.    8,  Sand  depotit  of  Catalan  Saj. 

It  has  been  refdrred  to  by  several  geologists  ;  and  by  some  it  has,  1 
think,  been  incorrectly  desoribod  aa  bloan  sand  :  it  haa  somewhat  the 
aspect  of  a  sub-aerial  talus,  and  from  weathering  and  washing  down, 
the  beds  of  loose  sand  on  its  sloping  surface  range  witli  its  inclined 
contour ;  beneath  this,  however,  it 
is  fnund  to  be  regularly  stratified, 
.  and  in  places  is  consolidated  into 
I  level  courses  of  rock  irom  Cal- 
I  careous  infiltration.' 

Further  to  the  west,  at  about  the 
I  middle  of  the  Straits,  near  Tarifa, 
I  another  maaa  of  sand  is  seen  ex- 
I  tending  up  the  iand  to  a  height  of 
I  nearly  200  feet  I  had  not  an  op- 
I  portonity  of  examining  it  except 
F  at  a  distanoe,  and  it  may  be  merely 
blown  sand ,-  but  ^m  ita  height 
above  the  sea-level,  I  am  inclined 
to  attribute  to  it  a  similar  origin  to  that  of  the  stratified  aands  of 
Catalan  Bay. 

'  *•"■■  J"™«  S""""!.  of  Jordait  Hili,  in  hii  deaoription  of  the  mologyof  tha  rock  f  Qaart. 
J(mii.QMl.  Sot.,  Tol.  n.,  pa^  in,  record,  the  occuireno*  of  Awti>™p-«i^  i 
Mwutenanean  ^eciea,  at  ■  height  of  790  hat,  and  ootioM  Iha  endaaoea  of  oU  •» 
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Btill  farther  westward,  outaide  iha  Straitx  in  the  neighbourhood 
of  Cadiz,  long  ranges  of  low  cliffe  ooour  cloBely  resembling  tbe 
rused  beaches  of  Devon,  and,  like  them,  oompoeed  of  a  hard  oonorete 
of  sand  and  sheila.'  The  shellB  are,  I  believe,  of  recent  speoiea.  Thio 
railed  beach  would  imply  an  elevation  of  the  coast  of  40  or  50  feet 

OroBsing  to  the  Afrioaa  side  of  the  Straits,  further  evidenoe  of 
recent  upheaval  is  to  be  seen  in  level  strata  of  sand  and  olay  resting 
on  the  edges  of  nearly  vertioal  strata  of  older  rocks.    At  Tangier 


Fig.  S.    Low  Cliff.  Ttngier  Bay. 
these  occnr  at  about  40  feet  above  the  sea-leveL  They  are  probably 
of  Foat-Tertiory  age  (though  I  was  unable  to  verily  this  by  tlw 
detection  of  organic  remains),  and  perhaps  may  be  incidental  to  the 
same  upheaval  that  elevated  the  raised  beaches  of  Cadiz. 

General  Obiervationi. — These  observatioas,  which  apply  to  only  a 
very  limited  area  of  the  great  Mediterranean  basin,  are  scarcely  suf* 
ficient  to  place  in  proper  eequenoe  the  various  oscillations  of  level  It 
has  undergone,  but  may  be  bronght  into  comparison  with  the  abun- 
dant evidences  of  recent  changes  of  level  on  the  Mediterranean  coast 
which  have  already  been  put  on  record. 

The  well-known  case  of  the  Temple  of  Serapis,  recorded  by  Lyell, 
giving  evidence  of  submergence  and  re-elevation  within  known 
heights  and  certain  limitations  of  historic  time,  suggests  a  compari- 
son with  other  evidences  of  similar  elevation ;  and  I  would  remark 
that  Lyell's  estimate  of  the  amount  of  emergence  of  the  shell-bored 
columns  on  the  Italian  coast  agrees  almost  exactly  with  the  amount 
of  elevation  in  other  distant  parte,  implied  by  the  raised  gravel  ridge 
on  the  Corsican  marshes,  Uie  great  plain  of  shingle  at  the  Bhone 
delta  and  the  lagoons  of  the  sonth-westem  Mediterranean  French 
coast  Furthermore,  Mr.  Gwyn  Jeffreys  informs  me  that  a  recent 
marine  deposit,  containing  GaUomma  Turtoni  and  other  shells  of 

nurgina  at  TUiom  heighte  «iteiidiiig  nearly  to  id  nimmit,  I  oiumot,  howerer,  tdmlt 
Hut  thMa  recent  Mcillatioiu  of  Uiel  tan.  ai  M  r.  Smith  anppaaea,  be  coirelatad 
with  the  TsriouB  diilDcation>  the  lime&tone  formatioa  has  nrider^one.  On  the  upper 
put  of  the  weitem  face  (here  is  a  general  aloping  sub-aerial  contour  which  has  ntp«r> 
teded  all  anrface  eTidenoei  of  Btmctural  dislocations,  and  both  the  denudation  pro- 
doeiog  this  western  slope,  and  the  occanonal  evidences  of  higher  shore-linea  iDper- 
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■pedes  now  living  in  the  adjacent  parts  of  tbe  Meditemneniy  ddons 
at  Antibes  at  a  similar  height,  vis.  25  feet,  above  the  Mirleml ;  and 
Mr.  James  Smith,  in  the  paper  before  refened  to,  attribntos  die  ssb4j 
plain  immediately  to  the  north  of  Gibraltar  to  a  period  of  atstiooKy 
level  with  a  littoral  zone  exactly  24  feet  above  the  preseiit  lemlof  tne 
sea.  The  oloae  ooinoidenoe  in  height  is  remarkable,  and  if  th  osb  <lefa» 
tions  at  sndi  distant  points  were  oontemponffy,  it  implies  a  vnifimi 
amoont  of  oscillation  over  a  verv  large  prraortioii  of  the  Medilei^ 
ranean  area.  The  raised  ooast  deposits  at  Tangier  and  Cadis  msj 
have  been  connected  with  an  independent  oscillation  of  grsator 
antiquity  than  the  25  feet  rise,  but  yet  more  recent  than  that  which 
submerged  and  re-elevated  Gibraltar  at  least  700  feet 

The  great  basin  appears  to  have  been  subject  to  repeated  changes 
of  level  down  to  the  historic  period,  and,  judging  from  the  distriba- 
tion  of  deposits  of  such  varied  character  dose  to  the  ooasti  the 
area  subject  to  the  oscillations  must  have  been  approximately  limited 
to  the  present  Mediterranean  boundary. 


IV. — COHTBIBUnOHS  TO  BRITISH  FoSSIL  ObVSTAOHA.^ 

By  HmtT  WooDWAmp,  F.O.S.,  FX8.,  etc., 
of  the  Britidi  Mmeiim. 

(PLATE  XXni.) 

IN  my  fourth  Beport  to  the  British  Association,*  I  described,  among 
other  Crustacea,  two  species  belonging  to  the  genus  Cjydhis,  one 
of  which  still  remains  unique.  Since  tiuat  date,  I  have,  by  the 
kindness  of  Professor  T.  Bupert  Jones,  F.G.S.,  received  a  number  of 
n)ecimens  of  this  genus,  collected  by  Prof.  Harkness,  F.B.S. ;  Mr. 
Joseph  Wright,  of  Belfast;  and  Mr.  J.  H.  Burrow,  of  Settle, 
Yorkshire ;  from  the  Carboniferous  Limestone,  which  I  now  propose 
to  describe. 

1.  Cyclm  bilohatus,  H.  Woodw.,  sp.  nov.,  PI.  XXTTT.,  Fig.  8,  So. 

This  specimen  is  from  Settle,  in  Yorkshire,  and  was  collected  by 
Mr.  J.  H.  Burrow.  Its  greatest  length  is  three  lines,  its  greatest 
breadth  three  lines.  Viewed  in  profile,  it  is  nearly  hemispherical 
(see  Fig.  3a),  its  greatest  elevation  being  one  line  and  a  half.  In 
general  form  it  reminds  us  strongly  of  the  dorsal  aspect  of  certain 
Coleopterous  Insects  of  the  genus  Coccinella  or  Cassida ;  the  elytra 
being  represented  by  the  two  large  smooth  posterior  lobes  of  the 
shield,  with  their  dividing  ridge,  and  the  head  and  thorax  by  tbe 
anterior  third.  The  border  is  not  flattened  and  curved  outwards  in 
this  species,  as  in  (7.  radialis  and  some  others,  but  is  bent  downwards 
and  terminates  abruptly  at  the  same  angle  as  the  rest  of  the  carapace 
(see  Fig.  3a).  The  frontal  margin  was  probably  divided  into  six 
parts,  but  it  is  only  imperfectly  preserved. 

The  anterior  part  of  the  carapace  or  buckler  is  divided  trans- 
versely from  the  posterior  and  larger  portion  by,  what,  for  conveni- 
ence, we  may  call  "the  cervical  furrow";  whilst  a  median,  or  "dorsal 

^  Omtintted  from  page  497. 

*  38th  Uepoit,  li(oxin&b.  Meeting,  1868,  p.  72,  Plate  ii. 
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fiUTow/*  divides  it  down  the  oentre  for  about  one-fourth  of  its  entire 
length,  thus  separating  the  anterior  parts  into  two  equal  lobes ;  here 
the  median  furrow  diverges  right  and  left  in  a  crescent-shaped  curve, 
and  unites  with  the  cervical  furrow,  leaving  a  small  elevated  median 
area  (cardiac  region?),  which  contracts  rapidly  backwards  and  is 
then  prolonged  as  a  narrow  dorsal  ridge — dividing  the  two  '  elytra  '• 
like  lobes — to  the  posterior  border.  The  anterior  and  expanded  end 
of  this  dorsal  ridge  is  ornamented  on  either  side,  at  its  union  with 
the  cervical  furrow,  by  two  small  orescent-shaped  lobes. 

The  surface  of  the  carapace  is  everywhere  smooth  and  devoid 
alike  of  tubercles  and  puncta. 

2.  Oydus  k>ro9U8,  H.  Woodw.,  sp.  nov.,  PL  XXIIL,  Fig.  4  and  4a. 
The  buckler  of  this  species  is  nearly  circular,  and  is  four  lines  in 

diameter.  Its  dorsal  line  (viewed  in  profile)  is  very  tumid,  and  is 
elevated  two  lines  above  its  border  (see  Fig.  4£r.).  The  cervical 
furrow  divides  the  carapace — ^transversely — into  two  nearly  equal 
parts  (in  this  respect  offering  a  marked  contrast  to  0,  bilohaius) ;  the 
anterior  moiety  is  divided  into  eight  lobes,  and  the  posterior 
into  three.  A  narrow  slightly  flattened  border  appears  to  have 
nearly — ^if  not  quite — surrounded  the  shield.^ 

In  front  of  the  carapace  is  a  median,  somewhat  triangular,  lobe, 
having  its  rounded  apex  directed  backwards ;  this  is  flanked  on  either 
side  by  two  nearly  round  lobes,  two  placed  subcentrally  and  two 
near  each  latero-anterior  border.  Uniting  these  five  anterior  lobes 
with  the  cervical  furrow  are  two  lateral  five-angled  lobes,  and  a 
central  seven-angled  (cardiac?)  lobe  or  area.  Behind  the  cervical 
furrow  a  dorsal  ridge,  of  marked  elevation,  divides  the  posterior 
half  of  the  carapace  into  two  rounded  lobes,  which  nearly  unite 
behind — being  only  separated  by  a  narrow  dorsal  ridge — but  are 
widely  separated  in  front,  not  only  by  the  interposition  of  the  dorsal 
ridge, — which  expands  like  the  head  of  a  pillar  before  reaching  the 
cervical  furrow, — but  also  by  the  intercalation  of  two  narrow  lobes 
or  ridges  on  either  side  of  the  expanded  dorsal  ridge.  The  even 
contour  of  the  carapace  is  only  markedly  interrupted  by  a  greater 
degree  of  prominence  in  the  dorsal  ridge  just  where  it  expands. 
The  lobes  are  aU  roundly  tumid,  and,  like  the  preceding  species, 
almost  smooth.  Cyclus  toroaus  was  obtained  from  the  Carboniferous 
Limestone  of  Little  Island,  Cork,  by  Mr.  Joseph  Wright 

3.  Cyclus  Wrightii,  H.  Woodw.,  sp.  nov.,  PI.  XXIEI.,  Fig.  5  and  5a. 
This  well-preserved  form  (which  we  have  named  in  honour  of  the 

discoverer,  Mr.  Joseph  Wright,  of  Belfast,  who  has  devoted  much 
time  and  attention  to  the  investigation  of  the  fossils  of  the  Car-* 
boniferons  Limestone  of  Ireland)  was  procured  from  the  Limestone 
of  Little  Island,  Cork.'     It  is  oval  in  form,  being  2f  lines  in  length, 

^  Seyeral  of  these  forms  may  bare  been  destitute  of  a  rim  in  front.  See  Haheynej 
Fin.  7  arid  8. 

'  Another  specimen,  obtained  by  Professor  Harkness  from  tbe  Carboniferous  Lime- 
stone of  Keisley,  near  Appleby,  Westmoreland,  appears  to  be  referable  to  this  species, 
but  tbe  intractable  natru^  of  tbe  matrix  renders  it  impossible  for  me  to  work  it  out 
latisiactorily.  See  Prof.  Harkness's  paper,  Quart.  Joum.  GeoL  Soc,  1865,  toI.  xxi, 
p.  243,  etc 
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two  lines  in  breadth,  and  two  lines  in  beigfat.  Qftim  Wrigklm, 
like  C.  hil6batm§,  has  a  mimetio  reaemUanoe  to  aColeoptennia  Inaeot, 
but  the  disproportion  between  the  anterior  and  posterior  diyisions  of 
the  oaiupace  is  even  greater  than  in  C  bikhaiiUf  the  anterior  part 
forming  only  one-fif£  of  the  entire  length.  A  narrow  flattoied 
border  encircles  four-fifths  of  the  carapaoe,  the  anterior  fifth  ap 
parently  terminating  abruptly  at  the  margin  without  any  border. 
The  dorsal  ridge  is  prominent  and  bioad,  and  extends  from  the 
anterior  to  the  posterior  border,  commenoing  as  a  narrow  ridge  be- 
hind. It  spreads  out  into  two  suooessive  rounded  expansions,  and 
again  contracts  somewhat  before  reaching  the  cervical  furrow;  in 
fix>nt  of  which  it  again  becomes  much  wider,  then  contracting  slowly 
towards  the  front.  A  somewhat  triangular  lobe  flanks  each  side  of 
this  dorsal  line  in  front,  whilst  two  nearly  round  lobes  are  placed, 
one  on  either  side  of  it,  behind  the  cervical  furrow.  Nearer  the 
latero-anterior  mai^gin,  two  other  rounded  lobes  are  formed,  one  on 
either  side,  by  a  branch  of  the  cervical  furrow. 

The  two  great  latero-posterior  lobes  of  the  buckler  have  a  single 
corrugated  ridge,  commencing  very  faintly  at  the  posterior  dorasl 
line,  and  running  forward  and  curving  around  the  sides  of  the  cara- 
paoe, and  becoming  more  strongly  marked  near  the  cervical  furrow. 

The  surface  is  smooth  or  slightly  and  very  finely  granulated. 

4.  Cyclus  Harknesai,  H.  Woodw.,  sp.nov.,  PL  XXUL,  Fig.  6  and  6a. 

This  elegant  form  approaches  most  nearly  to  0.  radicUtB,  but  the 
border  of  the  shield  appears  to  be  wanting.  Its  length  is  3^  lines ; 
breadth  three  lines;  elevation  two  lines.  Another  specimen  measured 
five  lines  in  length  ;  3^  lines  in  breadth  ;  and  three  lines  in  height 

In  this  species  the  usual  cervical  furrow,  dividing  the  anterior  from 
the  posterior  portion,  is  indicated  by  a  ridge  which  commences  in 
the  middle  of  the  shield  where  the  raised  dorsal  line,  instead  of 
terminating,  diverges  into  two  lateral  branches  directed  obliquely 
forwards,  forming  a  Y-shaped  elevation,  from  the  branches  of  whici 
the  cervical  furrow  is  continued  down  to  the  latero-anterior  border. 

From  the  margin  of  the  dorsal  ridge  seven  ribs  take  their  rise,  on 
either  side,  and  descend  the  steep  border  of  the  buckler  towards  its 
rim,  where,  it  is  probable,  they  terminate  in  rounded  extremities 
as  in  Cyclus  radialis  (Fig.  2  and  2a.) y  but  the  matrix  conceals  it  (see 
Fig.  6a.).  [I  have,  since  the  foregoing  was  >vritten,  been  so  for- 
tunate as  to  detach  a  minute  portion  of  matrix  from  one  of  the 
specimens,  and  have  satisfied  myself  that  such  is  really  the  case,  so 
that  Fig.  6a,  needs  to  be  added  to  along 
the  basal  line  as  in  the  accompanying 
woodcut.]  These  ribs  are  interrupted 
near  the  crown  of  the  shield  by  two 
furrows,  which  encircle  the  posterior 
three-foTirtlis  of  the  buckler,  so  as  to 
break  up  the  ribs  near  the  summit  into        Qr«^  MarkneMt,  ep,  nor. 

two    sets    of  tubercles,   the   inner    and      (side  new,  with  margin  restored.) 

uj)por  series  being  the  larger,  and  the 

lower  series  the  smaller ;  the  surface  of  the  ribs  is  finely  granu- 
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lated.  In  front,  and  partly  inclosed  by  the  Y'^haped  cervical  ridge, 
and  forming  the  top  of  the  anterior  portion  of  the  buckler,  are  four 
rounded  lobes  with  polygonal  borders,  arranged  in  a  diamond- 
shaped  pattern,  the  posterior  one  (cardiac  ?)  being  the  largest  of 
the  four. 

Placed  around  and  forming  a  double  border  to  these  four  lobes  are 
eleven  (?)  others  arranged,  firstly,  five  in  one  row,  and,  secondly, 
(along  the  outer  maigin)  six.    (Surface  of  buckler  finely  granulated.) 

The  three  specimens  found,  belonging  to  this  species,  are  all  from 
the  Carboniferous  Limestone  of  Little  Island,  Cork,  from  the  col- 
lection of  Mr.  Joseph  Wright,  of  Belfast. 

5.  Cydus  radiaUsy  Phillips,  sp.,  PI.  XXm.,  Fig.  2  and  2a. 

The  subjoined  description  I  copy  from  p.  72,  Beports,  1868, 
British  Association  Beport,  Norwich  Meeting. 

"I  was  at  first  doubtful  whether  the  Cyclus  radialis  of  M.  de 
Koninck,  from  Belgium,  really  represented  the  Agnostm  radialis  of 
Prof.  Phillips,  from  the  Carboniferous  Limestone  of  Bolland,  York- 
shire. I  have  fortunately  been  able  to  see  and  examine  the  original 
specimen  of,  Cyclus  radialis  of  M.  de  Koninck  (and  Gilbertson*s 
specimens  from  Bolland,  Yorkshire,  preserved  in  the  British 
Museum),  and  find  that  it  does  agree  with  the  figure  in  Phillips's 
'Geology  of  Yorkshire'  (vol.  ii.  t.  22,  fig.  25);  but  it  entirely 
disagrees  with  M.  de  Koninck's  magnified  figure.  I  have,  there- 
fore, redrawn  the  Belgian  form.*'  (See  Brit.  Assoc.  Eept.  1868, 
plate  ii.  fig.  1.)  Mr.  Hollick,  in  drawing  Cyclus  radialis  for  this 
present  paper,  was  good  enough  to  point  out  that  the  posterior 
border  of  one  of  M.  de  Koninck's  specimens,  from  the  Carboniferous 
Limestone  of  Vise,  Belgium,  drawn  on  our  Plate  XXIII.,  Fig.  2, 
was  not  broken  (as  I  had  supposed  and  figured  it  in  my  Beport,  see 
plate  ii.),  but  was  naturally  indented  upon  the  posterior  border  on 
each  side,  so  as  to  leave  a  rudimentary  spine  at  the  termination  of 
the  dorsal  ridge,  as  seen  in  our  present  figuro. 

*'  Cyclus  radialis  (Fig.  2)  is  an  elegant  shield-shaped  carapace,  five 
lines  long  by  four  lines  in  breadth;  its  general  form  is  hemispherical, 
with  a  narrow  smooth  border  (roundly  indented  behind,  so  as  to 
leave  a  rudimentary  medial  spine  in  the  centre) ;  the  shield  is  di- 
vided down  its  centre  by  a  raised  longitudinal  (dorsal)  ridge,  from 
which  radiate  seven  diverging  ribs  (transversely  wrinkled),  whose 
rounded  extremities  reach  the  lateral  and  posterior  border. 

"The  anterior  cephalic  portion  occupies  about  a  quarter  of  the 
entire  shield,  and  is  ornamented  by  the  spreading  out  of  the  raised 
central  ridge,  and  by  two  sub-central  rounded  prominences  which  cor- 
respond in  position  to  eyes,  but  are  not  facetted.  The  ribs  are  orna- 
mented, each  with  from  three  to  five  tubercles,  irregularly  disposed 
over  their  surface." 

This  species  (which  is  the  first  published  species  of  the  genus^ 
occurs  in  the  Carboniferous  Limestone  of  Little  Island,  Cork ;  BoUana 
and  Settle  in  Yorkshire ;  and  Vise,  Belgium. 

6.  Cyclus  Jonesianus,  H.  Woodw.,  sp.  nov.  (Woodcut). 

Whilst  engaged  in  drawing  up  this  paper,  Mr.  Joseph  Wright  has 

VOL.  Vn.— XO.   LXXTUI.  ^^ 


lUy  ft  new  fonn  (Me  eobjnud  Woodoot). 
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Undljsent  me  MTeiiladdttioiialepeaiiMneftom  Inland,  end,  unoiigrt 
them,  one  whitdi  ia  evidentl;  a  new  fonn  (eee  mbjniud  Woodoot). 

Tlie  apecimen,  which 
meaanreB  three  lines  in 
length,  two  and  a  half  in 
breadth,  and  two  lioei  In 
height,  was  obtained  fitim 
the  CarboniferoiiB  Lime- 
stone of  Little  Island, 
Cork. 

The  oaiapaoe,  which  is 

finely  granular  all  over, _ 

is  divided,    in    front  of  ri».~i.  aoaiuw oi'mam. 

the  cervical  furrow,  into  eight  lobes,  and  behind  the  same  furrow 
into  two  lobes,  which  latter  oocnp;  more  than  half  the  shield.  The 
two  posterior  lobes  are  divided  down  the  meeitd  line  by  the  dorsal 
ridge,  whioli  at  rather  more  than  one-third  the  length  atopa  ahoit. 
Here  two  minute  depressions  oooor,  end  the  oervioal  furrow  may  be 
said  to  bmnob  out  right  and  left,  inclosing  a  central  triangular  space 
(cardiac  region  ?),  having  its  base>line  directed  forwards  and  slightly 
crenated.  In  front  of  this  triangular  lobe  two  oblong  lobea,  onited 
along  the  median  line,  occupy  about  one-fonrth  the  length  of  the 
oarapaoe  (gaatrio  region?),  and  are  bordered  by  two  paiia  of  lateral 
and  one  ceatml,  somewhat  triangular  lobe  in  front ;  the  whola  beii^ 
probably  surrounded  by  a  narrow  up-turned  rim  or  border. 

Cyeliii  Jonetianut  rivalB  C,  Wrighitii  in  height,  to  which  form  and 
to  C.  hihlalHt,  it  is,  no  doubt,  oloBely  related. 

I  have  great  pleasure  in  dedicating  thie  species  to  my  kind  friend 
and  fellow -labourer  in  palaeontology,  Professor  T.  Hupert  Jones, 
F.G.S.,  of  tho  Royal  Military  and  Staff  Colleges,  Sandhurst,  to  whom 
I  am  indebted  for  much  valuable  assistance  in  understanding  the  hosts 
of  the  Uivalved  Crustaceans  (the  Ottracoda  and  Phyllopoda),  to  the 
fossil  forms  of  which  ha  has  devoted  ao  many  yeara  of  patient,  ardent, 
and  successful  research. ' 

7.   Cychit  Baniini,  H.  Woodward,  PI.  XXIII.,  Pig.  1. 

I  first  drew  attention  to  this  remarkable  form  at  the  Meeting  of 
the  British  Association  in  1868  (see  Reports,  p.  73).  I  extract  the 
following  ocamnt  of  it  in  order  to  complete  this  notice  ; — 

"  This  now  form  of  Cyclut,  discovered  by  Dr.  Bonkine  of  Carluke, 
in  the  Carboniferous  shales  of  that  place,  is  moat  remarkable  in 
appearance,  and  far  more  like  a  parasitical  or  larval  form  of  Crusta- 
cean thaii  tbo  Cyeltu  radi'aiii,  which  certainly  possessed  a  hard 
calcareous  tost.  A  comparison  of  the  two,  however,  leaves  no  doubt 
in  my  mind  in  referring  them  both  to  the  same  genus. 

"  llio  shield  is  about  four  lines  in  diameter,  and  conveys  tho  idea 
of  an  extremely  thin  teat  flattened  out  on  the  aoft  shale  by  pr«ssuie. 
The  '  eye-spots '  occupy  tho  same  rdative  position  as  in  C.  radiali* ; 

'  Profranir  T.  KupCTt  Jonn  inform*  me  that  Mr.  J.  W.  Eirkbf  hw  obt«ined  eridmM 
of  B  apcvicB  of  Cge/uM  in  tfae  Permian,  but  I  hsTe  not  been  to  foHunftte  oi  to  tee  thtw 
remains,  and  mu>t  theiBEQie  ixia  th^  tcUerwAim  onlal  a  fiitan  paper. 
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but  the  divisiona  whidi  represent  th^  costsd  are  six,  not  seven,  in 
number  in  this  species,  and  these  anastomose  together  on  the  lateral 
border,  and  diverge,  not  from  a  raised  median  ridge,  but  from  a 
broad  y-shaped  central  area  (oardiao  region?).  One  is  reminded  by 
this  Crustacean  of  the  appearance  of  Argtdu$y  Bopyrus,  and  othes 
recent  parasitic  forms,  and  also  of  the  disk-shaped  Discinocaris,  from 
which,  however,  it  differs  in  the  *  eye-spots '  and  costated  shield. 

''  For  this  new  species  I  propose  the  name  of  Cyclus  Rankiniy  after 
its  discoverer." 

8.  Cyclus  {Ralieyne)  laxtUy  H.  vpn  Meyer,  PL  XXIII.,  Fig.  7  and  To. 

9.  Cyclm  {Halieyne)  agnotw,  H.  von  Meyer,  PI.  XXUI.,  Fig.  8 and  8a. 
Hermann  von  Meyer  has  figured  in  the  Palaeontographica,  1847, 

vol.  L,  p.  134,  a  small  Crustacean  head-shield  under  the  name  of 
Halieyne  agnota  and  a  second  species  under  the  name  of  II,  laxa,  from 
the  Muschelkalk  of  Rottweil,  in  Germany.  Groldfuss  originally 
figured  it  as  Olenm  serotinus;  afterwards  Miinster  referred  it  to 
Zimulu*  rBeitrage,  1841,  Bd.  L  t  v.  f.  1). 

To  both  these  conclusions  Von  Meyer  demurs — to  Limulus  becauser 
no  eyes  are  visible ;  and  to  the  Trilobiia,  because  none  are  found  in 
rocks  older  than  the  Carboniferous  formation. 

The  form  of  this  head-shield  is  extremely  like  that  of  Aynostua ; 
but  the  Agnostida  are  confined  to  the  Lower  Silurian  strata,  between 
which  and  the  Trias  are  the  long  intervening  series  of  the  Upper 
Silurian,  the  Devonian,  Carboniferous  and  Permian  formations.  At 
the  date  of  my  report  (1868),  I  was  inclined  to  place  Halieyne  with 
Bunodes,  Hemiaspis,  etc.,  among  the  aberrant  forms  of  the  Limulida, 
being  under  the  impression  that  it  was  only  a  part  of  a  Crustacean, 
probably  a  head-shield.  Having  now  the  advantage  of  a  large  series 
of  Carboniferous  Cyoli  with  which  to  compare  it,  I  feel  no  longer 
any  doubt  about  placing  it  with  Cyclus,^  that  being  the  older  name. 

*«  Cyclus  Brangniartianus,''  De  Koninck.^     PL  XXIII.,  Fig  9. 

This  species  is  founded  upon  the  hypostome  of  a  Trilobite,  most 
probably  of  the  genus  Phillipsia,  As  several  specimens  have  been 
forwarded  to  me  so  labelled,  I  take  this  opportunity  to  notice  a 
mistake,  which  I  feel  sure  M.  de  Koninck  would  (if  the  occasion 
had  presented  itself)  have  been  one  of  the  first  to  correct. 

We  quote  the  following  remarks  on  Cyclm  from  the  British  Asso- 
ciation Report  already  referred  to  (p.  73) : — 

"  In  describing  Cyclus  radialis,  M.  de  Koninck  observes : — 

"  There  is  no  doubt  this  animal  should  be  ranged  with  the  Crus- 
tacea, and  in  Milne-Edwards's  order  Trilobita  ahnormalia  and  battoideaj 
near  to  Agnostua. 

''  M.  de  Koninck  also  thinks  it  probable  that  the  body  of  Cyelw 
was  soft  and  very  contractile,  that  it  was  a  parasite,  and  that  the  two 
tubercles  which  we  have  called  the  eyes  really  covered  those  organs; 
and,  further,  that  the  ribbed  border  protected  the  feet  when  the 
animal  was  in  repose. 

**  We  must  differ  from  M.  de  Koninck  in  referring  this  form  to  the 
Trilobita.     K  truly  an  adult,  it  must  be  placed  near  to  Aptis,  with- 

1  Descrip.  4jb8  Anim.  Poas.  Terr.  Carbonit  de  Belgique.    Li^^e,  V^VL-^^^.  ^"^^ 
pi.  lii.,  fig.  9,  a^b,  ^"'^ 


660  J*  F.  Walker-^L.  Greenwnd  Braehiopoda, 

the  other  shield-bearing  Fhyllopoda;  if  a  larval  form,  it  may  have 
been  the  early  stage  of  Prutwichia  or  some  other  of  the  Goal- 
measures  Limidida.  Nor  do  we  think  it  in  the  least  probable  that 
the  shield  of  Cyclus  radiaUt  was  flexible  or  contraotile,  its  original 
segments  being  completely  soldered  together  into  one  pieoe.^ 

Even  amongst  the  Decapod  Cmstaceans  we  may,  in  the  larral  and 
embryonal  stages,  find  analc^os  forms  to  our  fossil  Cjfdui.  Thus  Mr. 
J.  O.  Westwood  in  the  Phil.  Trans.,  Vol.  L,  Fart  IL,  1835,  figures  from 
Ouilding's  MSS.,  the  larvaof  a  recent  Land-orab  having  the  appearance 
presented  in  the  subjoined  Woodcut  3  s 

The  recent  investigations  of  Dr.  /^""^^     * 

A.  8.  Packard,  jun.,  and  the  Bev.  f  $^j^i  r^ 

S.  Lockwood,  tend  further  to  con-  I   JIeJ/  ^ 

firm  the  opinion  expressed  by  me  in  \^^y 

1868,  that  these  forms  may  indeed     pigtirw  of  urra  of  a  accent  Lwd-cnii. 
be   the    larval    stages    of   Preit-    1.  N«t.tiM.  s.  Domi,  s.  ventni  opeet. 

wichia^  Beh'nurtis,  etc,  the  ante-types  in  Carboniferous  times  of  the 
modem  King-crab. 

EXPLANATION  OF  PLATE  XXIIL 

Fio.  1.  Cf/eiu8  Rankiniy  H.  Woodward,  from  the  Carboniferoiu  Shale  of 

Carluke,  Lanarkshire,  from  the  cabinet  of  Dr.  Bankine,  Carinke. 
Enlarged  8  timea.    Docaal  aspect  of  carapace. 

Fio.  2.  C^fdm  radialis^  PhiL,  s^,  from  the  Carboniferoni  Limestone,  Yia^, 

Belffium.  This  species  also  occnrs  at  Bolland  and  Settle,  in 
Yonshire ;  Little  island,  Cork,  etc.  (Original  specimen  in  the 
British  Museum  collection.) 

Fio.  2a.  Side  view  of  same.     Both  figures  enlarged  twice  natural  size. 

Fio.  3.  and  3a.     Ct/cius  bilobatusy  H.  Woodward,  dorsal  aspect  and  profile,  from  the 

Carboniferous  Limestone  of  Settle,  TorKshirc.  Enlarged  4  times. 
(From  the  Cabinet  of  Mr.  J.  H.  Burrow,  Settle.) 

Fio.  4.  and  \a.     Cychu  torostu^  H.  Woodwani  dorsal  aspect  and  profile.  Carbon- 

iferou8  Limestone,  Little  Island,  Cork,  Ireland.  Enlarged  4  times. 
(From  the  Collection  of  Mr.  Joseph  Wright,  Belfast.) 

Fro.  6.  and  6a.  Cyehu  H'rightii^  H.  Woodward,  dorsal  aspect  and  profile.  Carbon- 
iferous Limestone,  Little  Island,  Cork.  Enlarged  4  times.  (Col- 
lection of  Mr.  Joseph  Wright,  Belfast.) 

Fio.  6.  and  Qa,     Cyclua  Harkne^si,  H.  Woodward,  dorsal  aspect  and  profile,  from 

the  Carboniferous  Limestone  of  Little  Island,  Cork,  etc.  Enlarged 
4  times.     (Collection  of  Mr.  Joseph  Wright,  Belfast.) 

Fio.  7.  and  la.     Cyclm  {HaUcyne)  laxus,  H.  Ton  Meyer,  sp.  Muschelkalk,  Hottwcil, 

Germany. 

Fio.  8.  and  Sit.     Cycitu    i^Halieyne)   aynotutf   H.    Ton  Meyer,  sp.      Muschelkalk, 

Rottweil,  Germany. 

Fio.  9.  *'  Cyclus  Brongniar'tianus,**  De  Eoninck.     Hypostome  of  a  Trilo- 

bite,  probably  of  the  genus  PhiUipsiOj  from  the  Carboniferous 
Limestone,  Bolland,  and  Settle,  Yorkshire ;  Blackrock,  near  Cork, 
and  Visd,  Belgium.  (From  the  Collection  of  Mr.  Joseph  Wright, 
of  Belfast)     Enlarged  twice  natural  size. 

V. — On  Secondaby  Speciks  of  Bbaohiopoda.^ 

By  J.  F.  Walkbh,  M.A.,  F.O.S.,  etc. 

I  HAVE  already  described  in  this  Magazine  several  new  species  of 
Brachiopoda  from  the  Lower  Greensand  of  Dpware' ;  since  then 
I  have  obtained  many  more  specimens,  and  much  kind  assistance  from 
^  See  GaoL.  Mao.  1S6S,  toL  Y.,  p.  399,  PL  XVIII.  and  XIX. 
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Mr.  Davidson,  and  I  now  propose  to  give  the  result  of  the  examinaf 
tion  of  the  new  forms  in  this  paper ;  also  to  more  fully  describe  a 
BhynchoneUa  from  the  Inferior  Oolite  of  Lincolnshire,  which  I 
have  named  BhynchoneUa  Orossii, 

Among  the  Upware  specimens,  the  following  new  species  and 
varieties  have  been  met  with : — 

Terebraitda  Seeleyii,  n.  sp.  Figs.  6,  7,  and  8. — Shell  elongated,  ovate, 
moderately  convex,  shell  surface  smooth,  marked  by  faint  oonoentrio 
lines  of  growth ;  ventral  valve  convex,  curving  regularly  to  the  beak, 
which  is  very  slightly  recurved,  and  is  truncated  by  a  large  round 
foramen ;  beak  ridges  slightly  rounded,  space  between  them  and  the 
deltidium  flat ;  deltidium  in  one  piece,  large  and  moderately  wide ; 
dorsal  valve  elongated,  moderately  convex,  the  front  margin  not 
plicated,  rounded;  the  shell  becomes  thin  towards  the  front  and 
lateral  margins;  greatest  width  about  the  middle  of  the  shelL 
Loop  short  Dimensions  of  the  specimens  figured :  length  1  *5  in., 
breadth  0*9  in.,  thickness  0*7  in. ;  and  length  0*9  in.,  breadth  0*6  in., 
thickness  0*35  in.  I  have  nkuch  pleasure  in  naming  this  fossil  in 
compliment  to  fi.  G.  Seeley,  Esq.,  F.G.S.  This  species  is  well 
marked  by  its  elongated  form  and  absence  of  plications. 

Terebraitda  depreaaa, — ^The  specimens  referred  to  this  species  vary 
so  much  from  each  other  that  it  is  necessary  to  distinguish  the  fol- 
lowing sub-species,  in  addition  to  the  sub-species  T,  cyrta,  nobis. 

Var.  T,  uniplicata,  Figs.  1  and  2. — Shell  somewhat  triangular  in  form, 
with  one  wide  mesial  fold ;  shell  surface  smooth,  marked  by  faint  con- 
centric lines  of  growth,  greatest  width  about  the  middle  of  the  shell ; 
from  thence  it  tapers  to  the  beak,  which  is  nearly  straight,  and  is 
truncated  by  a  large  circular  foramen ;  beak  ridges  rounded ;  deltidium 
wide,  in  one  piece.  At  the  front  margin  there  is  a  wide  central  fold, 
formed  by  a  depression  of  the  ventral  and  a  corresponding  elevation 
of  the  dorsal  valve.  Loop  short  Dimensions  of  the  figured  speci-^ 
men  ;  length  2'4in.,  breadth  24  in.,  thickness  1*2  in. 

Var.  Terfhratvla  CantabrtdgienaiSy  Figs.  3,  4,  and  5. — Shell  mode- 
rately convex,  surface  smooth,  marked  by  concentric  lines  of  growth ; 
beak  slightly  recurved,  deltidium  wide,  in  one  piece ;  front  margin  of 
the  ventral  valve  slightly  elevated  at  the  centre,  then  depressed,  and 
again  elevated ;  dorsal  valve  has  two  ridges  which  i-ise  from  near  the^ 
centre  of  the  valve,  and  terminate  at  the  front  margin,  having  between 
them  a  wide  centr^  depression.  Loop  short.  Dimensions  of  the  speci- 
men figured:  length  1*7  in.,  breadth  1*25  in.,  thickness  1*05  in.  This 
form  varies  considerably  with  regard  to  the  thickening  of  the  front 
margin ;  some  specimens  have  the  front  margin  thinner  and  more 
rounded  than  the  specimen  figured,  but  retain  the  same  form  of  pli- 
cation, being  reverse  to  the  var.  T.  uniplicata,  which  has  the  central 
elevation  on  the  dorsal  valve  and  the  depression  on  the  ventral  valve. 
T.  Cantabridgiensia  differs  from  T.  Dutempleana  in  having  the  beak 
less  recurved  and  the  front  margin  more  rounded.  This  variety 
approaches  T.prceHonga  in  the  plications,  but  differs  from  that  species 
in  its  greater  ¥ddth,  form  of  its  beak,  etc. 

Terebraitda  Davidsani, — I  have  obtained  a  very  small  s^^im^^ii.  oC 
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This  Bpeoies  difien  from  T.  apinoaa  in  baTiiig  the  deep  strongly 
marked  fold  formed  by  a  depression  of  the  larger,  and  the  elevation 
of  the  smaller  valve.  The  number  of  the  pkuts  is  fewer,  and  it 
does  not  appear  to  attain  a  larger  size  than  the  spedmen  figaied. 
This  speoies  is  common  in  the  Inferior  Oolite  of  Appleby,  Brigg, 
Lincolnshire,  but  it  is  difficult  to  obtain  perfect  specimens.  I  have 
dedicated  this  species  to  the  Bev.  J.  E.  Cross,  If  .A.,  F.O.S.»  who  gave 
me  the  specimen  figured. 

I  have  presented  the  specimens  figured  to  illustrate  this  paper  to 
the  British  Museum. 

ExPLANATXOlf  OF  FlOUBM  OF  LOWU  GBnOtSAND  BbACSIOFOIIA  FECK  UvWABI. 

Figi.  I  and  2.— Front  and  ride  riew  of  TtrtirMtulm  depr$9m^  var.  mtipKemim, 

Figt.  3  and  4. — Front  and  ride  view  of  Tar.  Cmmtm^dgiemU. 

6, — Pallial  border  of  same,  ahowing  the  central  eleration  on  the  Tentnl 
ralye. 
Figs.  6  and  7.— Front  and  side  riew  of  Turtirmtmlm  Sedtyii^  sp.  nor. 
8. — SmaU  example  of  same. 
9. — Three  riews  of  Rh^nehondU  Orwii^  sp.  noT. 
All  the  specimens  are  figured  of  the  natural  siie. 


VI. — On  the  Dispebsion  of  Cbiffkll  Gramits  and   Caldbkok 

POBPHYBT  OVKB  THB   PlAIN   OF  CuMBBBTiAWP.' 
Bj  D.  Mackimtobh,  F.G.S. 

THE  following  is  a  very  brief  statement  of  the  results  of  nearly 
two  months'  observations  on  the  granitic  and  porphyritic  drift 
of  the  north  and  north-west  of  Cumberland. 

Derivation  and  Mode  of  Dispersion  of  the  Granitic  Drift, — From  a 
little  to  tho  east  of  Workington,  tlie  south-eastern  boundary  of  this  drift 
crosses  tho  river  Derwcnt,  and  runs  along  between  Great  Broughtou 
and  Wyndham  Kow,  nortli  of  Tallantire,  by  Parsonby,  and  Torpen- 
how,  in  the  direction  of  Ireby ;  it  then  winds  round  the  west  and 
north  slopes  of  Brocklebank  ridge  in  a  line  running  south  of  the  Bed 
Dial  and  Nether  Welton.  I  have  found  the  granite  as  far  east  as 
Wetherall,  and  believe  it  extends  much  farther,  while  on  the  north 
it  approaches,  if  it  does  not  cross,  the  Scottish  Border.  Tlie  boulden, 
most  of  which  have  been  dug  out  of  the  fields,'  occur  principally  in 
a  sea-coast  area  reaching  as  far  south  as  Workington,  as  far  north  as 
Allonby,  and  nearly  as  far  east  as  Mealsgate ;  though,  in  thinly- 
scattered  groups,  and  isolated  blocks  of  smaller  size,  they  may  be  seen 
farther  to  the  north  and  east'  They  rapidly  increase  in  size  and 
numbers  towards  the  sea-coast,  or  in  the  direction  of  Criffell  (on  the 
opposite  side  of  the  Sol  way  Firth),  and  gradually  thin  out  inland 
until  they  can  no  longer  be  detected.  There  are  comparatively  few 
in  the  valley  of  the  Ellen,  even  where  other  erratics  are  present. 
On  the  ridge  to  the  north-west  of  this  valley,  and  tlie  part  of  the 

^  For  Kirstonc  and  Kirston,  read  Kirkstonc,  in  my  last  article  (Geol.  Mao.  for  Oct). 

'  The  80-callcd  surface-blocks  ore  those  which  have  escaped  being  buried,  or 
which  hove  been  disinterred  by  farmers.  The  boulders  of  granite  and  other  rocks 
are  found  principally  in  the  lower  Boulder-clay,  but  they  are  not  absent  from  the 
upper. 

*  Nearly  all  the  boulders  are  more  or  less  rounded. 
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ridge  to  the  south-east  which  is  situated  near  to  the  sea-coast,  the 
boulders  are  the  most  numerous.  They  generally  occupy  positions 
in  which  they  may  have  been  left  by  grounding  ice-floes.  The 
granite  is  much  the  same  throughout  the  whole  area  over  which  it 
has  been  dispersed.  Where  the  large  boulders  are  most  numerous, 
at  least  five  out  of  six  are  of  a  very  coarse-grained  light-coloured 
or  grey  granite,  with  crystals  up  to  three-fourths  of  an  inch 
in  breadth  and  two  inches  in  length.  It  often  presents  a  more  or 
less  reddish  tinge,  when  it  looks  somewhat  like  Shapfell  granite, 
from  which,  however,  it  is  structurally  distinct  It  is  undoubtedly 
the  same  as  the  granite  found  in  situ  along  the  southern  base  of 
Crififell,  and  there  it  occurs  in  cliffs,  as  well  as  in  block-strewn 
slopes,  from  which  the  boulders  may  readily  have  been  launched. 
Next  to  the  large-crystalled  granite,  a  grey  variety  resembling  the 
granite  now  quarried  near  Dalbeattie,  on  the  north-west  side  of 
CrijSell,  is  the  most  abundant  I  have  found  it  as  far  east  as  Nether 
Welton.  Connected  with  this  variety,  and  often  graduating  into  it, 
there  is  a  dark,  streaked,  or  semi-gneissose  granite.  The  above 
three  varieties  are  characterized  by  dark  blotches  or  patches,  up  to 
two  or  three  feet  in  diameter,  which  in  some  instances  look  like 
fragments  of  whinstone  caught  up  in  the  once-molten  mass,  in  others 
like  the  effect  of  a  process  akin  to  segregation.  These  blotches  are 
characteristic  of  the  Dalbeattie  and  Criffell  granite  in  siiUf  and  are 
of  themselves  sufficient  to  indicate  the  derivation  of  the  erratic 
blocks.  The  largest  blocks  of  granite  I  have  seen,  which  have  evi- 
dently been  transported  from  the  Scottish  side  of  the  Solway  Firth, 
are  on  the  beach  near  Flimby.  There  are  four  near  to  one  another, 
and  each  is  about  8^  X  7  x  3  feet. 

In  addition  to  the  above  varieties,  there  is  a  hard,  reddish,  coarse, 
syenitic  granite,  very  abundant  on  the  sea-coast  among  the  smaller 
stones,  and  extending  to  the  innermost  boundaries  of  the  granitic- 
drift  area.  I  have  not  yet  been  able  to  trace  its  derivation.  Mr. 
Mackenzie,  of  the  Creetown  Granite  Works,  near  Wigtown,  informs 
me  that  he  has  found  it,  in  the  shape  of  boulders,  in  his  neighbour- 
hood, along  the  sea-coast,  and  up  the  bed  of  the  Cree,  growing 
coarser  and  not  so  red  near  Caimsmore.  He  has  also  found  a  small 
boulder  of  red,  large-crystalled  granite,  in  drift,  at  the  Fell  Qranite 
Works.  The  Fell  granite  in  situ  is  fine-grained  and  nearly  white, 
with  about  one-eighth  part  of  black  mica.  In  the  granite  of  Bagbie- 
bar  quarry,  about  a  mile  farther  south,  and  near  the  sea,  about  one- 
third  part  is  black  mica.  Both  these  granites,  I  believe,  are  repre- 
sented in  the  Cumberland  drift,  especially  among  the  smaller  stones 
and  boulders.^ 

The  principal  facts  above  stated  can,  I  think,  be  explained,  in  no 
other  way  than  by  supposing  that  the  granitic  boulders  of  Cumber- 
land were  derived  from  the  opposite  side  of  the  Solway  Firth.    From 

^  Accompanying  the  eranitic  drift,  especially  on  the  sea-coast,  there  are  numerons 
pebbles,  and  occasional  Soolders  of  dark,  hard,  fine-grained  whinstone,  which  would 
aopear  to  haye  come  from  the  Scottish  side  of  the  Solway  Firth,  where,  in  many 
places,  it  is  the  preyailing  rock. 
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This  speoies  differs  from  T.  apiiiosa  in  haying  the  deep  strongly 
marked  fold  formed  by  a  depression  of  the  laiger»  and  the  elevation 
of  the  smaller  valve.  The  number  of  the  plaits  is  fewer,  and  it 
does  not  appear  to  attain  a  larger  size  than  the  specimen  figared. 
This  speoies  is  common  in  tlie  Inferior  Oolite  of  Appleby,  Brigg, 
Lincolnshire,  but  it  is  difficult  to  obtain  perfect  specimens.  I  have 
dedicated  this  species  to  the  Bev.  J.  £.  Cross,  ILA.,  F.O.S^  who  gave 
me  the  specimen  figured. 

I  have  presented  the  specimens  figured  to  illustrate  this  paper  to 
the  British  Museum. 

ExPLAKATXOlf  07  FlOUBM  OF  LOWHB  GbBBMBAKD  BBJLOHIOrODA  THOK  UrWAMB. 

Figi.  I  and  2.— Front  and  ride  riew  of  J^nrthnUula  depftmt^  Ttr.  mmipliemtm, 

Figt.  3  and  4. — Front  and  ride  view  of  far.  CamtmbridgimaU. 

6. — Pallial  border  of  same,  riiowing  the  central  eleration  on  the  fentnl 
Talyo. 
Figs.  6  and  7. — Front  and  side  riew  of  Ttrth^ula  Seelt^fii^  sp.  nor. 
8. — Small  example  of  same. 
9. — Three  yiews  of  RhynehondU  Oroitii^  sp.  noT. 
All  the  specimens  are  figured  of  the  natural  size. 


VI. — On  the  Dispebsion  of  Criffsll  GRANm  and  Caldbick 

POBPHYBT  OVKB   THE   PlAIN   OF  CUMBERLAND.^ 
By  D.  Mackimtobh,  F.G.S. 

THE  following  is  a  very  hrief  statement  of  the  results  of  nearly 
two  months'  observations  on  the  granitio  and  porphyritic  drill 
of  the  north  and  north-west  of  Cumberland. 

Derivation  and  Mode  of  Dispersion  of  the  Granitic  Drift, — From  a 
little  to  the  east  of  Workington,  the  south-eastern  boundary  of  tliis  drift 
crosses  the  river  Derwont,  and  runs  along  between  Great  Broughtou 
and  Wyndham  Row,  nortli  of  Tallantiro,  by  Parsonby,  and  Torpen- 
how,  in  the  direction  of  Ireby ;  it  then  winds  round  the  west  and 
north  slopes  of  Brocklebank  ridge  in  a  line  running  south  of  the  Bed 
Dial  and  Nether  Welton.  I  have  found  the  granite  as  far  east  as 
Wetherall,  and  believe  it  extends  much  farther,  wliile  on  the  north 
it  approaches,  if  it  does  not  cross,  the  Scottish  Border.  The  boulderR. 
most  of  which  have  been  dug  out  of  tlie  fields,'  occur  princii>ally  in 
a  sea-coast  area  reaching  as  far  south  as  Workington,  as  far  north  as 
Allonby,  and  nearly  as  far  east  as  Mealsgate ;  though,  in  thinly- 
scattered  groups,  and  isolated  blocks  of  smaller  size,  they  may  ]>e  seen 
farther  to  the  nortli  and  east'  They  rapidly  increase  in  size  and 
numbers  towards  the  sea-coast,  or  in  the  direction  of  Criffell  (on  the 
opposite  side  of  the  Sol  way  Firth),  and  gradually  thin  out  inland 
until  they  can  no  longer  be  detected.  There  are  comparatively  few 
in  the  valley  of  the  Ellen,  even  where  other  erratics  are  present. 
On  the  ridge  to  the  north-west  of  this  valley,  and  the  part  of  the 

*  For  Eirstone  and  Kirston,  read  Kirkstonc,  in  my  last  article  (Geol.  Mao.  for  Oct.). 

'  The  so-called  surface-blocks  are  those  which  have  escaped  being  buried,  or 
which  have  been  disinterred  by  farmers.  The  boulders  of  granite  and  other  rocks 
are  found  principally  in  the  lower  Boulder-clay,  but  they  are  not  absent  trom  the 
upper. 

'  Jf  early  oil  the  boulders  are  more  or  less  rounded. 
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ridge  to  the  Boutb-east  which  is  situated  near  to  the  sea-ooast,  the 
boulders  are  the  most  numerous.  They  generally  occupy  positions 
in  which  they  may  have  been  left  by  grounding  ice-floes.  The 
granite  is  much  the  same  throughout  the  whole  area  over  which  it 
has  been  dispersed.  Where  the  large  boulders  are  most  numerous, 
at  least  five  out  of  six  are  of  a  very  coarse-grained  light-coloured 
or  grey  granite,  with  crystals  up  to  three-fourths  of  an  inch 
in  breadth  and  two  inches  in  length.  It  often  presents  a  more  or 
less  reddish  tinge,  when  it  looks  somewhat  like  Shapfell  granite, 
from  which,  however,  it  is  structurally  distinct.  It  is  undoubtedly 
the  same  as  the  granite  found  in  situ  along  the  southern  base  of 
Criffell,  and  there  it  occurs  in  cliffs,  as  well  as  in  block-strewn 
slopes,  from  which  the  boulders  may  readily  have  been  launched. 
Next  to  the  large-crystalled  granite,  a  grey  variety  resembling  the 
granite  now  quarried  near  Dalbeattie,  on  the  north-west  side  of 
Criffell,  is  the  most  abundant  I  have  found  it  as  far  east  as  Nether 
Welton.  Connected  with  this  variety,  and  often  graduating  into  it, 
there  is  a  dark,  streaked,  or  semi-gneissose  granite.  The  above 
three  varieties  are  characterized  by  dark  blotches  or  patches,  up  to 
two  or  three  feet  in  diameter,  wluch  in  some  instances  look  like 
fragments  of  whinstone  caught  up  in  the  once-molten  mass,  in  others 
like  the  effect  of  a  process  akin  to  segregation.  These  blotches  are 
characteristic  of  the  Dalbeattie  and  Criffell  granite  in  aitUy  and  are 
of  themselves  sufficient  to  indicate  the  derivation  of  the  erratic 
blocks.  The  largest  blocks  of  granite  I  have  seen,  which  have  evi- 
dently been  transported  from  the  Scottish  side  of  the  Solway  Firth, 
are  on  the  beach  near  Flimby.  There  are  four  near  to  one  another, 
and  each  is  about  8^x7x3  feet. 

In  addition  to  the  above  varieties,  there  is  a  hard,  reddish,  coarse, 
syenitic  granite,  very  abundant  on  the  sea-ooast  among  the  smaller 
stones,  and  extending  to  the  innermost  boundaries  of  the  granitic- 
drift  area.  I  have  not  yet  been  able  to  trace  its  derivation.  Mr. 
Mackenzie,  of  the  Creetown  Granite  Works,  near  Wigtown,  informs 
me  that  he  has  found  it,  in  the  shape  of  boulders,  in  his  neighbour- 
hood, along  the  sea-coast,  and  up  the  bed  of  the  Cree,  growing 
ooarser  and  not  so  red  near  Cairnsmore.  He  has  also  found  a  small 
boulder  of  red,  large-crystalled  granite,  in  drift,  at  the  Fell  Qranite 
Works.  The  Fell  granite  in  situ  is  fine-gi*ained  and  nearly  white, 
with  about  one-eighth  part  of  black  mica.  In  the  granite  of  Bagbie- 
bar  quarry,  about  a  mile  farther  south,  and  near  the  sea,  about  one- 
third  part  is  black  mica.  Both  these  granites,  I  believe,  are  repre- 
sented in  the  Cumberland  drift,  especially  among  the  smaller  stones 
and  boulders.^ 

The  principal  facts  above  stated  can,  I  think,  be  explained,  in  no 
other  way  than  by  supposing  that  the  granitic  boulders  of  Cumber- 
land were  derived  from  the  opposite  side  of  the  Solway  Firth.    From 

^  Accompanying  the  eranitic  drift,  especially  on  the  sea-coast,  there  are  numerous 
pebbles,  and  occasional  boulders  of  dark,  hard,  fine-grained  whinstone,  which  would 
aopear  to  haye  come  from  the  Scottish  side  of  the  Solway  Firth,  where,  in  many 
places,  it  is  the  preyailing  rock. 
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This  Bpedes  differs  from  T.  apiiiosa  in  haying  {he  deep  strongly 
marked  fold  formed  by  a  depression  of  the  laiger^  and  the  elevation 
of  the  smaller  valve.  The  number  of  the  phits  is  fewer,  and  it 
does  not  appear  to  attain  a  larger  size  than  the  specimen  figured. 
This  speoies  is  common  in  the  Inferior  Oolite  of  Appleby,  Brigg, 
Lincolnshire,  but  it  is  difficult  to  obtain  perfect  specimens.  I  have 
dedicated  this  species  to  the  Bev.  J.  £.  Cross,  ILA.,  F.G.S.,  who  gave 
me  the  specimen  figured. 

I  have  presented  the  spedmeni  figured  to  illustrate  this  paper  to 
the  British  Museum. 

ExPLAKATXOSf  07  FzOUBM  OF  LOWHB  GbUMSAHD  BsAOBIOrODA  FBOX  UfWABI. 

Figi.  1  and  2. — Front  and  ride  riew  of  TtrtinUMlm  depr$9Mi^  var.  mtipiicttm. 

Figt.  3  and  4. — Front  and  ride  view  of  far.  CantmiridgitmiU, 

6. — Pallial  border  of  same,  riiowing  the  central  deration  on  the  Tentnl 
Talye. 
Figs.  6  and  7.— Front  and  side  Tiew  of  TWv&m/iffo  8ed€^i^  sp.  nor. 
8. — Small  example  of  same. 
9. — ^Three  riews  of  RhynehtmeUm  Oroi»%i^  sp.  noT. 
All  the  specimens  are  figured  of  the  natural  siie. 


VI. — On  the  Dispebsion  of  Criffkll  GRANm  and   Caldbkok 

POBPHYBT  OVKB   THE   PlAIN  OF  CUMBEBLAND.^ 

Bj  D.  Mackintosh,  F.G.S. 

THE  following  is  a  very  brief  statement  of  the  results  of  nearly 
two  months*  observations  on  the  granitic  and  porphyritic  drill 
of  the  north  and  north-west  of  Cumberland. 

Derivation  and  Mode  of  Dispersion  of  the  Granitic  Drift. — From  a 
little  to  tho  east  of  Workington,  the  south-eastern  boundary  of  this  drift 
crosses  the  river  Derwent,  and  runs  along  between  Great  Broughtou 
and  Wyndham  liow,  north  of  Tallantiro,  by  Parsonby,  and  Torpen- 
how,  in  tho  direction  of  Ireby ;  it  then  winds  round  the  west  and 
north  slopes  of  Brocklobank  ridge  in  a  line  running  soutli  of  the  Bed 
Dial  and  Nether  Welton.  I  have  found  the  granite  as  far  east  as 
Wetherall,  and  believe  it  extends  much  farther,  while  on  the  north 
it  approaches,  if  it  does  not  cross,  tlie  Scottish  Border.  The  boulders, 
most  of  which  have  been  dug  out  of  the  fields,'  occur  princiiKilly  in 
a  sea-coast  area  reaching  as  far  south  as  Workington,  as  far  north  as 
Allonby,  and  nearly  as  far  east  as  Mealsgate ;  though,  in  thinly- 
scattered  groups,  and  isolated  blocks  of  smaller  size,  they  may  be  seen 
farther  to  the  north  and  east'  They  rapidly  increase  in  size  and 
numbers  towards  the  sea-coast,  or  in  the  direction  of  Criffell  (on  the 
opposite  side  of  the  Sol  way  Firth),  and  gradually  thin  out  inland 
until  they  can  no  longer  be  detected.  There  are  comparatively  few 
in  the  valley  of  tho  Ellen,  even  where  other  erratics  are  present. 
On  the  ridge  to  the  north-west  of  this  valley,  and  the  part  of  the 

^  For  Kirstone  and  Kirston,  read  Kirkstonc,  in  my  last  article  (Geol.  M  ao.  for  Oct.)- 
'  The  80-calIed  surface-blocks  are  those   which  have  escaped  being  buried,  or 
which  have  been  disinterred  by  farmers.     The  boulders  of  granite  and  other  rocks 
are  found  principally  in  the  lower  Boulder-clay,  but  they  are  not  absent  from  the 
upper. 

*  2S*early  all  the  boulderv  are  more  or  less  rounded. 
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ridge  to  the  south-east  which  is  situated  near  to  the  sea-coast,  the 
boulders  are  the  most  numerous.  They  generally  oooupy  positions 
in  which  they  may  have  been  left  by  grounding  ice-floes.  The 
granite  is  much  the  same  throughout  the  whole  area  over  which  it 
has  been  dispersed.  Where  the  large  boulders  are  most  numerous, 
at  least  five  out  of  six  are  of  a  very  coarse-grained  light-coloured 
or  grey  granite,  with  crystals  up  to  three-fourths  of  an  inch 
in  breaulth  and  two  inches  in  length.  It  often  presents  a  more  or 
less  reddish  tinge,  when  it  looks  somewhat  like  Shapfell  granite, 
from  which,  however,  it  is  structurally  distinct  It  is  undoubtedly 
the  same  as  the  granite  found  in  situ  along  the  southern  base  of 
Crififell,  and  there  it  occurs  in  cliffs,  as  well  as  in  block-strewn 
slopes,  from  which  the  boulders  may  readily  have  been  launched. 
Next  to  the  large-crystalled  granite,  a  grey  variety  resembling  the 
mmite  now  quarried  near  Dalbeattie,  on  the  north-west  side  of 
Criffell,  is  the  most  abundant.  I  have  found  it  as  far  east  as  Nether 
Welton.  Connected  with  this  variety,  and  often  graduating  into  it, 
there  is  a  dark,  streaked,  or  semi-gneissose  granite.  The  above 
three  varieties  are  characterized  by  dark  blotches  or  patches,  up  to 
two  or  three  feet  in  diameter,  which  in  some  instances  look  like 
fragments  of  whinstone  caught  up  in  the  once-molten  mass,  in  others 
Hke  the  effect  of  a  process  akin  to  segregation.  These  blotches  are 
characteristic  of  the  Dalbeattie  and  Criffell  granite  in  sitUf  and  are 
of  themselves  sufficient  to  indicate  the  derivation  of  the  erratic 
blocks.  The  largest  blocks  of  granite  I  have  seen,  which  have  evi- 
dently been  transported  from  the  Scottish  side  of  the  Solway  Firth, 
are  on  the  beach  near  Flimby.  There  are  four  near  to  one  another, 
and  each  is  about  8^x7x3  feet. 

In  addition  to  the  above  varieties,  there  is  a  hard,  reddish,  coarse, 
syenitic  granite,  very  abundant  on  the  sea-coast  among  the  smaller 
stones,  and  extending  to  the  innermost  boundaries  of  the  granitic- 
drift  area.  I  have  not  yet  been  able  to  trace  its  derivation.  Mr. 
Mackenzie,  of  the  Creetown  Granite  Works,  near  Wigtown,  informs 
me  that  he  has  found  it,  in  the  shape  of  boulders,  in  his  neighbour- 
hood, along  the  sea-coast,  and  up  the  bed  of  the  Cree,  growing 
coarser  and  not  so  red  near  Caimsmore.  He  has  also  found  a  small 
boulder  of  red,  large-crystalled  granite,  in  drift,  at  the  Fell  Qranite 
Works.  The  Fell  granite  in  situ  is  fine-grained  and  nearly  white, 
with  about  one-eighth  part  of  black  mica.  In  the  granite  of  Bagbie- 
bar  quarry,  about  a  mile  farther  south,  and  near  the  sea,  about  one- 
third  part  is  black  mica.  Both  these  granites,  I  believe,  are  repre- 
sented in  the  Cumberland  drift,  especially  among  the  smaller  stones 
and  boulders.^ 

The  principal  facts  above  stated  can,  I  think,  be  explained,  in  no 
other  way  than  by  supposing  that  the  granitic  boulders  of  Cumber- 
land were  derived  from  the  opposite  side  of  the  Solway  Firth.    From 

^  Accompanying  the  eranitic  drift,  especially  on  the  sea-coast,  there  are  namerons 
pebbles,  and  occasional  Soaldera  of  dark,  hard,  fine-grained  whinstone,  which  would 
appear  to  hare  come  from  the  Scottish  side  of  the  Solway  Firth,  where,  in  many 
placei,  it  is  the  prerailing  rock. 
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fniii  mdm  diffnn  from  7.  apiiioaa  in  having  flie  deep  strotii^ j 
marked  fold  fonned  by  a  deprenion  of  the  laigert  And  the  eleratimi 
of  the  smaller  valve.  The  number  of  the  plaite  ia  fewer,  and  it 
does  not  appear  to  attain  a  larger  aise  than  the  qieoimen  figmed. 
llua  apedea  ia  oommon  in  the  Inferior  Oolite  of  Appleby,  Biigg, 
lineohiahiie,  bat  it  ia  difficult  to  obtain  perfect  apeoimena.  1  have 
dedicated  thia  apedea  to  the  Bev.  J.  E.  Cioaa,  MJL,  V.QJB^  who  gave 
me  the  apecimen  figured. 

I  have  pieaented  the  apeoimena  figured  to  illnatraie  this  paper  to 
the  Britiah  Mnaemn. 
BxTLAXAntm  ov  FieuxB  of  Lowib  GBsawuirD  imAxmmTonjL  wmmVwWi 


Figi.  I  and  Sv— Fnml  aad  ride  liew  of  TtrtirMtulm  itpntm^  vn .  tmiptimim. 

Figs.  8  and  4. — ^Fnmt  and  ode  Tiew  of  tm.  OHUsAridfimtit. 

6.— PaUial  bolder  of  same,  diowiiig  the  oential  deration  on  the  lentnl 
taIto. 
1. 6  and  7. — Front  and  side  riew  of  Ttnkrmtmlm  Anbyti;  sp.  noT. 
8. — Small  example  of  Mune. 
9. — Three  Tiews  of  Mk^nek^mlU  Cfrmni^  sp.  noT. 
All  the  ipecimens  are  figored  of  the  natural  ue. 


YI. — On  ths  DiapEBaioN  of  Cbtffkix  Obahiti  amd  Caldbbcx 

FORPHTBT  OVKB  THK   PlAIH  OF  CuHBKRLiOID.^ 

By  D.  MACUMToeHy  F.G.8. 

THE  following  ia  a  very  brief  atatement  of  the  reanlta  of  nearly 
two  montha'  observations  on  the  granitic  and  porphyritic  drift 
of  the  north  and  north-west  of  Cumberland. 

Derivation  and  Mode  of  Dispernon  of  the  Oranitic  Drift. — From  a 
little  to  the  east  of  Workington,  the  south-eastern  boundcuyof  this  drift 
crosses  the  river  Derwent,  and  runs  along  between  Great  Broughton 
and  Wyndham  Row,  north  of  Tallantire,  by  Parsonby,  and  Torpen- 
how,  in  the  direction  of  Ireby ;  it  then  winds  round  the  west  and 
north  slopes  of  Brocklebank  ridge  in  a  line  running  south  of  the  Red 
Dial  and  Nether  Welton.  I  have  found  the  granite  as  far  east  as 
Wetherall,  and  believe  it  extends  much  farther,  while  on  the  north 
it  approaches,  if  it  does  not  cross,  the  Scottish  Border.  The  boulders, 
most  of  which  have  been  dug  out  of  the  fields,'  occur  principally  in 
a  sea-coast  area  reaching  as  far  south  as  Workington,  as  far  north  as 
Allonby,  and  nearly  as  fiEir  east  as  Mealsgate ;  though,  in  thinly- 
scattered  groups,  and  isolated  blocks  of  smaller  size,  they  may  be  seen 
farther  to  the  north  and  east'  Thoy  rapidly  increase  in  size  and 
numbers  towards  the  sea-coast,  or  in  the  direction  of  Crififell  (on  the 
opposite  side  of  the  Sol  way  Firth),  and  gradually  thin  out  inland 
until  they  can  no  longer  be  detected.  There  are  comparatively  few 
in  the  valley  of  the  Ellen,  even  where  other  erratics  are  present. 
On  the  ridge  to  the  north-west  of  this  valley,  and  the  part  of  the 

^  For  KirBtone  and  Einton,  read  EirkBtone,  in  my  last  article  (Gbol.  Mao.  for  Oct). 

'  The  so-called  surface-blocks  are  those  which  haye  escaped  being  buried,  or 
which  have  been  disinterred  bj  Burmers.  The  boulders  of  granite  and  other  rocks 
are  found  principally  in  the  lower  Boulder-clay,  but  they  are  not  absent  from  the 
upper. 

'  Nearly  all  the  bouldera  are  more  or  less  rounded. 
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ridge  to  the  Boutb-east  whicb  is  situated  near  to  the  sea-ooast,  the 
boulders  are  the  most  numerous.  They  generally  oooupy  positions 
in  which  they  may  have  been  left  by  grounding  ice-floes.  The 
granite  is  much  the  same  throughout  the  whole  area  over  which  it 
has  been  dispersed.  Where  the  large  boulders  are  most  numerous, 
at  least  five  out  of  six  are  of  a  very  coarse-grained  light-coloured 
or  grey  granite,  with  crystals  up  to  three-fourths  of  an  inch 
in  breadth  and  two  inches  in  length.  It  often  presents  a  more  or 
less  reddish  tinge,  when  it  looks  somewhat  like  Shapfell  granite, 
from  which,  however,  it  is  structurally  distinct.  It  is  undoubtedly 
the  same  as  the  granite  found  in  situ  along  the  southern  base  of 
Crififell,  and  there  it  occurs  in  cliffs,  as  well  as  in  block-strewn 
slopes,  from  which  the  boulders  may  readily  have  been  launched. 
Next  to  the  large-crystalled  granite,  a  grey  variety  resembling  the 
granite  now  quarried  near  Dalbeattie,  on  the  north-west  side  of 
CrifEell,  is  the  most  abundant  I  have  found  it  as  far  east  as  Nether 
Welton.  Connected  with  this  variety,  and  often  graduating  into  it, 
there  is  a  dark,  streaked,  or  semi-gneissose  granite.  The  above 
three  varieties  are  characterized  by  dark  blotches  or  patches,  up  to 
two  or  three  feet  in  diameter,  which  in  some  instances  look  like 
fragments  of  whinstone  caught  up  in  the  once-molten  mass,  in  others 
Hke  the  e£^t  of  a  process  akin  to  segregation.  These  blotches  are 
characteristic  of  the  Dalbeattie  and  Criffell  granite  in  situ,  and  are 
of  themselves  sufficient  to  indicate  the  derivation  of  the  erratic 
blocks.  The  largest  blocks  of  granite  I  have  seen,  which  have  evi- 
dently been  transported  from  the  Scottish  side  of  the  Solway  Firth, 
are  on  the  beach  near  Flimby.  There  are  four  near  to  one  another, 
and  each  is  about  8^  x  7  x  3  feet. 

In  addition  to  the  above  varieties,  there  is  a  hard,  reddish,  coarse, 
syenitic  granite,  very  abundant  on  the  sea-coast  among  the  smaller 
stones,  and  extending  to  the  innermost  boundaries  of  the  granitic- 
drift  area.  I  have  not  yet  been  able  to  trace  its  derivation.  Mr. 
Mackenzie,  of  the  Creetown  Granite  Works,  near  Wigtown,  informs 
me  that  he  has  found  it,  in  the  shape  of  boulders,  in  his  neighbour- 
hood, along  the  sea-coast,  and  up  the  bed  of  the  Cree,  growing 
coarser  and  not  so  red  near  Caimsmore.  He  has  also  found  a  small 
boulder  of  red,  large-crystalled  granite,  in  drift,  at  the  Fell  Qranite 
Works.  The  Fell  granite  in  situ  is  fine-grained  and  nearly  white, 
with  about  one-eighth  part  of  black  mica.  In  the  granite  of  Bagbie- 
bar  quarry,  about  a  mile  farther  south,  and  near  the  sea,  about  one- 
third  part  is  black  mica.  Both  these  granites,  I  believe,  are  repre- 
sented in  the  Cumberland  drift,  especially  among  the  smaller  stones 
and  boulders.^ 

The  principal  facts  above  stated  can,  I  think,  be  explained,  in  no 
other  way  than  by  supposing  that  the  granitic  boulders  of  Cumber- 
land were  derived  from  the  opposite  side  of  the  Solway  Firth.    From 

^  Accompanying  the  sranitic  drift,  especially  on  the  sea-coast,  there  are  namerons 
pebbles,  and  occasional  booldera  of  dark,  hard,  iine -grained  whinstone,  which  would 
appear  to  hare  come  from  the  Scottish  side  of  the  Solway  Firth,  where,  in  many 
places,  it  is  the  prerailing  rock. 
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Oriffell,  they  must  hare  ndiatod  S^  S.E.,  and  E.^  I  haiFe  not  y^ 
aBoertained  if  they  wexe  diiiribiited  in  other  diz«o^  The  gTeatort 
height  at  whioh  I  ha^e  foand  them  ie  between  850  and  MO  feet 
above  the  eea,  at  Panonby  and  Nether  Welton.' 

Supposed  DupertUm  of  OramiUfirom  SUcUow.— The  veiy  linuted 
exposures  of  granite  in  the  Skiddaw  area,  and  these  ohiiAy  at  or 
near  the  bottonia  of  Talleys  or  gills»  wonld  lead  one  to  ezpeot  to 
find  oomparatiYely  few  indicationB  of  an  ezodns  of  granite  from  this 
area.  The  absenoe  of  granite  from  the  district  arouid  Oobkarmoath 
(as  I  have  had  many  opportunities  of  asoertaining),  from  the  dis- 
tricts intervening  between  Oockermonth  and  Bassenthwaite.  and 
between  Bassenthwaite  and  the  extreme  south-east  bonndary  of  the 
granitic-drifb  area»  shows  that  there  has  been  no  exodna  of  Syning 
Gill  granite  by  way  of  Keswick  and  Bassenthwaite  into  nortii-west 
Cumberland ;  and  I  have  not  seen  a  bit  of  Syning  Gill  Granite  in 
any  part  of  the  drift-area  under  consideration.  The  exodus  of 
S^ddaw  granite  by  way  of  If  oeedale  would  likewise  appear  to 
have  been  very  limited.  I  have  not  seen  much  granite  to  the  north 
of  Hesket  New  Market  but  what  might  have  come  from  the  Scottish 
coast.  There  is  little  or  no  granite  strictly  so  called  (so  £Eur  as  I 
could  ascertain)  in  Caldbeck  valley. 

Dispersion  of  Porphyry,  etc.,  from  the  Caldbeck  and  Carroek  JVQt.— > 
From  observations  made  since  my  last  article  was  written,  I  have 
traced  much  of  the  North  Cumberland  drift  to  its  source  in  these  moun- 
tains. Felspathic  trap,  porphyry,  and  syenite  have  found  their  wray  S.K 
and  E.S.E.  farther  than  tho  R.  Eamont  and  Penrith ;  E.  in  the  direo- 
tion  of  Plump  ton;  N.E.  and  N.  as  far  at  least  as  the  R.  Eden;  N.W. 
and  W.  as  far  as  tho  sea-coast  Erratics  from  these  hills  have  been 
carried  across  tho  Caldbeck  valley  and  lodged  on  Brocklebank  ridge 
up  to  a  height  of  at  least  950  feet  above  the  sea.  N.,  N.W.,  and  W^ 
they  have  bocomo  interwoven  with  the  granite  and  whinstone  drift 
from  Scotland.  In  the  neighbourhood  of  the  Caldbeck  Fells  the 
most  conspicuous  erratic  is  what  may  be  called  tesselated  porphyritic 
claystono.  The  porphyritic  and  granitic  erratics  are  both  a  part  of 
the  boulder-clay  deposits  of  the  plain  of  Cumberland  which  extend 
from  the  mountains  to  the  sea-coast.  The  lower  boulder-day  pre- 
ponderates, but  upper  boulder-clay  may  here  and  there  be  traced, 
especially  towards  the  sea-coast.  At  Abbey  Town,  50  feet  above  the 
sea-level,  the  upper  boulder-clay  contains  numerous  rounded  and 
subang^lar  stones,  very  much  striated.  As  proved  by  well-ainkings, 
it  is  underlain  by  sand  and  gravel. 

Interweaving  of  Drifts. — The  above-mentioned,  and  other  driftB» 
have  not  only  been  dispersed  from  centres  in  various  directions  in  a 
manner  quite  inexplicable  to  me  by  glaciers  or  streams  of  land- 

^  Mr.  Eccleston,  of  tho  Fawcett  Schools,  Carlisle,  informs  me  that  he  has  found 
boulders  of  CritfcU  granite  as  far  east  as  Gillsland,  and  as  far  south  as  Whit  beek, 
near  Bootlc.  If  I  recollect  rightly,  there  are  numbers  of  them  in  the  West-Mid- 
land counties. 

»  I  haye  to  thank  the  Messrs.  Newall,  of  the  Craig  Nair  (Dalbeattie)  Oianite 
Works,  for  oorroborating  my  yiews,  founded  on  F^feswr  Sedgwick's  theory,  relatifi 
to  the  deriyatioa  of  the  CurnVscVaxA V>^^«c%, 
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iee  (xxnleas  we  feel  justified  in  liaving  recourse  to  a  new  order  of 
Gttuses  and  an  entire  change  in  physical  conditions),  but  they  have 
become  mutually  interwoTen  to  an  extent  which,  I  believe,  can  only 
be  accounted  for  by  ice-laden  currents,  shifting  their  direction  with 
the  progress  of  subsidence,  and  drift-currents  Tariously  directed  by 
changing  winds. 

The  granite  of  the  Criffell  and  Dalbeattie  area,  during  its  dispersion  in  direetions 
between  K  and  S.3.E.,  has  been  crossed  at  yarlous,  including  right-angles,  by 
porphyritic  and  s^enitic  drift  from  the  Cal^eck  and  Carrock  Fells,  oyer  an  area  at 
bast  tweWe  miles  in  breadth. 

Between  S.E.  and  nearly  S.,  CrifTell  granitic  drift  has  been  obliquely  crossed,  at 
tarioot  angles^  by  porphyry,  trap,  etc.,  from  the  Caldbeck  hills,  oyer  tne  sea-coast 
area  embraced  by  the  granite,  as  for  at  least  as  Wbitehayen. 

Between  S.E.  and  nearly  8.,  Criffell  granite,  thkily  dispersed  oyer  the  southern 
part  of  the  aboye  sea-coast  area,  as  far  at  least  as  St.  Bees,  has  been  extensiyely 
en»sed,  at  right-aneles  and  obliquely,  by  syenite  and  porphyry  from  Ennerdale  and 
tiie  neighbourhood.'^ 

Porpnyry,  trap,  etc.,  from  the  Caldbeck  hills,  in  its  soath-westem  dispendon, 
has  b^n  crossed  at  yarious  angles  by  syenite  and  porphyry  from  the  mountains 
aboye  Crummock  and  Buttermere  waters,  and  the  interior  neighbourhood,  oyer 
an  area  at  least  six  miles  in  breadth ;  and  the  same  syenitic  and  porphyritic  drift 
has  crossed  the  granitic  drift  (already  crossed  by  Caldbeck  drift)  over  an  area  attain- 
ing a  breadth,  on  the  sea-coast,  of  at  least  eight  miles,  from  beyond  Maryport  to 
the  neighbourhood  of  Harrington. 

Quadripartite  Division  of  Drifts  in  Cumberland, — The  abruptness 
with  which  my  last  article  in  the  Geol.  Mao.  (Oct,  1870)  concluded, 
may  render  a  few  additional  notes  on  this  subject  necessary. — ^The 
drifts  of  Cumberland  are  more  or  less  interwoven  in  vertical  as  well 
as  horizontal  succession.  The  upper  red  loamy  clay  (partly  derived 
firom  the  waste  of  the  Permian  strata),  as  already  hinted,  contains 
few  boulders,  but  they  are  not  altogether  absent  I  saw  a  large 
boulder  of  granite  identical  with  that  now  quarried  near  Dalbeattie, 
in  this  clay,  between  Maryport  and  Flimby ;  and,  a  short  distance  to 
the  N.W.  of  Carlisle,  near  the  K.  Eden,  I  saw  two  boulders  of 
Dalbeattie  granite  (one  of  them  5x2x3  feet)  iu  upper  boulder-clay, 
in  a  railway  cutting.  Farther  N,E.,  on  the  opposite  bank  of  the 
river,  a  conaiderable  thickness  of  the  upper  clay  with  boulders,  may 
be  seen  resting  on  stratified  gravel  and  sand — the  latter  resting  on 
red  sandstone  rock.  The  sand  and  gravel  formation  of  various  parts 
3f  the  plain  of  Cumberland  (in  the  neighbourhood  of  Carlisle, 
n^etherall,  Wigtown,  Bullgill  station,'  Lamplugh,  St  Bees,  etc.,)  con- 
suns  pebbles  and  a  few  boulders  of  most,  if  not  all,  of  the  rocks 
bond  in  the  clay  above  and  below.  The  finest  section  of  sand  and 
pravel,  nearly  horizontally  stratified,  I  have  yet  seen  in  Cumberland, 
B  near  Harrington,  where  it  composes  a  denuded  knoll,  and  attains 

1  I  have  lately  found  that  limestone  drift  (including  a  split-block  10  feet  in 
liaiiieter  and  of  unknown  thickness)  from  the  N.  or  W.  has  been  left  on  the  western 
lope  of  Dent  Hill,  near  Cleator,  by  a  current  which,  at  a  greater  or  less  angle,  must 
iave  been  crossed  by  the  aboye-mentioned  syenitic  and  porphyritic  drift  from  Enner- 
Ittle,  which  ooyeiB  nearly  the  whole  of  Dent  Hill  (Skiddaw  Slate)  up  to  the  summit, 
loar  to  which,  at  1,100  feet  aboye  the  sea,  there  is  a  boulder,  8x8x6  feet,  called 
huDfon's  Cobble,  or  the  Finger  Stone,  consisting  of  rock  midway  between  porphyry 
md  syenite. 

•  '  Here  it  forma  a  plateau,  and  rests  partly  on  rock  and  partly  on  the  reddish- 
iffown  clay. 


# 
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a  thioknefls  of  at  least  50  feet    The  leddieh  or  yellowiflh-farowB 
lower  boulder-clajy  which  is  often  varied  by  a  light  bluish  or 
greenish  tint,  oontains  the  greatest  number  of  laige  boulders.    In 
many  places,  from  Penrith  to  Workington,  and  elsewhere,  it  attains 
a  great  thickness.    It  has  been  mainly  derived  &om  the  waste  of 
the  volcanic  rocks  and  Coal-measure  shales  of  Cumberland.    The 
underlying  bluish-grey  clay  rises  to  a  height  of  at  least  900  feet 
near  Troutbeck  railway  station.    It  may  be  traced  in  the  railway 
cutting  not  only  between  Troutbeck  and  Basaenthwaite  lake,  but 
between  Cockermouth  and  Workington ;  between  Marron  Junction 
and  Bridgefoot,  where  it  is  distinctly  overlain  by  the  reddish-brown 
clay;  south  of  Branthwaito  station,  at  TTUook  station,  where  it  is 
covered  by  a  cargo  of  enormous  boulders  of  sandstone,  limestone, 
porphyry,  eto. — ^the  latter  surmounted  by  red  clay,  sand,  and  gravel ; 
and  in  other  places.    I  have  not  seen  any  decided  blue  day  much 
farther  north  than  the  river  Derwent    It  would  appear  to  have  been 
chiefly  derived  from  the  waste  of  the  Skiddaw  Slates.     There  can 
be  no  doubt  that  in  a  great  part  of  Cumberland,  as  well  as  in  West 
Yorkshire  (see  my  paper  on  West  Biding  Drifis  in  the  forthcoming 
Proceedings  of  the   West  Biding  Qeological  Society),  there  are  four 
boulder  drifts,  two  or  three  of  which  are  often  found  in  vertical 
succession,  and  the  order  of  which  is  never  found  reversed.    The 
extent  to  which  these  drifts  have  been  removed  by  denudation,  and 
the  absence   of  sufficiently  extensive  sections,  are  probably  the 
reasons  why  no  very  decided  instance,  so  far  as  I  am  aware,  bos  yet 
been  discovered,  in  which  all  the  four  drifts  are  present. 

In  a  few  months  I  hope  to  be  able  to  communicate  an  article, 
with  a  map,  on  the  Drifts  and  Glaciated  Rock-surfaces  of  the 
country  between  Whitehaven  and  Blackcombe,  including  the  Eskdale 
granitic  area.* 


iTOOTiCES    OIF    nsaiEn^oiErS. 


I. — On  the  Correlation  or  the  Jurassic  Rocks  in  the  Depart- 
ment or  the  Cote-d'Or,  France,  with  the  Oolitic  Forma- 
tions IN  the  Counties  of  Gloucester  and  Wilts,  England.* 
By  TU03IAS  Wright,  M.D.,  F.R.S.E.,  F.G.S.,  eto. 

THE   department  of  the  Cote-d'Or,  which  forms   the   northern 
portion  of  the  Duchy  of  Burgundy,  contains  a  very  complete 

^  In  Professor  Harkness*  paper  on  Shapfell  Blocks  in  the  Qaart  Jonm.  Gcol.  See. 
for  NoTcmber,  it  is  stated  that  Shapfell  granite  docs  not  occur  in  the  Bouldcr-clay  of 
the  Eden  valley,  though  Chffell  granite  is  found  in  this  clay.  The  Eden  valley  day 
may  have  nearly  ceased  to  accumulate  before  the  high-level  granite  of  Wasdale  Cra^^ 
began  to  be  dispersed,  and  imbedded  in  the  pinel  or  Boulder-clay  of  the  mountains, 
in  which  it  is  associated  with  polished  and  striated  stones  and  boulders.  («S^  artiele 
on  Shapfell  Boulders^  Geol.  Mao.,  Aug.,  1870.) 

^  Head  at  the  Meeting  of  the  Cotteswold  Club,  Aug.  31, 1869,  and  published  in 
the  Proceeihngs  for  186^,  i^^^.  145-1^7, 
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development  of  the  Jurassic  series.  The  region  has  naturally  formed 
the  subject  of  many  important  memoirs  by  French  geologists,  and  no 
one  has  paid  more  attention  to  it  than  M.  Jules  Martin,  who  has 
carefully  examined  the  palaeontology  of  all  the  beds.  His  cabinet 
contains  a  large  series  of  fossils  from  the  different  Jurassic  stages, 
stratigraphically  arranged,  and  including  all  the  type  specimens 
which  he  has  figured  and  described  in  his  works.  Dr.  Wright  heis 
had  the  opportunity  of  carefully  examining  this  collection,  and  the 
result  of  this  examination  is  here  laid  before  the  members  of  the 
Cotteswold  Club. 

Dr.  Wright  publishes  a  valuable  table,  prepared  by  M.  Martin,  of 
all  the  stages  of  the  Jurassic  rocks  exposed  in  the  C6te-d  'Or,  where- 
in are  pointed  out  their  lithological  characters,  and  the  leading  fossils 
contained  in  them.  Having  studied  the  beds  in  ascending  order,  he 
commences  with — 

1.  The  Brstig  Beds. — In  the  C6te-d  'Or  these  beds  are  composed 
of  sandstones  and  marls,  with  the  characteristic  Pecten  ValoniensiSf 
Atnetda  contorta,  Cardium  BhcBticuniy  Lima  prcBcursar,  and  species  of 
Cfhemnitzia,  Anaiina,  Myophoria,  etc.  At  Macigny  they  appear  to 
be  entirely  arenaceous,  with  beds  of  arkose  ;  the  whole  deposit 
rests  on  granite.  The  same  lithological  character  prevails  at  Mon- 
tigny,  Semur,  and  Pouillenay.  M.  Martin  has  detected  the  bone-bed 
in  several  localities, — at  Savigny,  where  it  appears  to  occupy  the 
upper  part  of  the  Avicula'Contorta  zone,  at  Memont,  and  at  Remilly, 
where  it  is  interesting  to  learn  the  complete  transition,  both  litho- 
logical and  palaeontological,  which  obtains  between  the  Lias  and 
Bhsetic  strata.  In  the  West  of  England,  particularly  where  the 
white  Lias  is  developed,  the  junction  of  Uiese  beds  is  generally 
well  marked,  and  rather  by  a  change  of  sedimentary  condition  than 
of  unconformity.  While  nothing  could  be  more  gradual  than  the 
passage  upwards  of  the  New  Bed  Marl  (Keuper)  into  the  grey  marls 
of  the  Bhaetic  series. 

A  good  number  of  species  have  been  collected  from  the  Avicula' 
contorta  zone  in  the  Cote-d'Or.  Of  reptiles,  two  species  of  Ter- 
matosaurus ;  of  fish,  14  sp. ;  of  Grasteropoda,  8  sp. ;  Conchifera,  46 
sp.,  etc.  Also  one  Echinoderm,  one  Coral,  a  Sponge,  two  AnneUds, 
and  a  couple  of  Plants.  The  absence  of  Cephalopoda  is  marked,  and 
but  one  species,  Belo-  (or  Oeo-  ?)  ietUhis,  found  by  Mr.  Boyd  Daw- 
kins  in  the  grey  marls  at  Watchet,  has  been  recorded  in  this  country. 
Dr.  Wright  gives  some  account,  with  sections,  of  the  British  Bhaetic 
beds.  'Riey  are  well  known  from  his  previous  publications,  and  the 
labours  of  Messrs.  Charles  Moore,  Bristow,  Etheridge,  and  others. 

2.  Lias.  —  M.  Martin  divides  the  Lias  into  four  stages  : — 1st. 
Hettangien  or  Infra-Lias  \  2nd.  Sin4murien  or  Lias  infirieur;  3rd. 

'  lAasien  or  Lias  moyen ;  4th,  Toarcien  or  Lias  supdrieur.  The  Het- 
tangien is  shown  by  Dr.  Wright  to  represent  the  two  lower  stages  of 
oar  Lower  Lias — the  zones  of  Ammonites  angulatus  and  A  planorhis. 
The  Sindmurien  comprises  two  zones :  a.  Bluish  marly  limestone, 
with  Ammonites  oxynotus,  A.  stellariSf  A.  Birchii,  etc.  b.  Marls  and 
limestone,  with  A»  hisvlcatus  (vel  BueJdandi),  A,  Sdpionianus^  and 
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A.  roUfotm:  These  ai6  equiTBl^iit  to  the  odier  Lower  Lus  nnie% 
tlK>ae  of  A.  BueUcmdi,  A.  Titnieri,  A.  cbtu»u»,  A.  oxjfnoUUf  and  A. 
rarieo$iaiu$. 

The  Lioiien,  which  attains  a  oonridemble  derelopiiieat  aft  Semur, 
represents  oar  Middle  Lias,  and  the  Toorcten,  which  attains  neariy 
5(K)  feet,  our  Upper  Lias.  The  "  Upper  Lias  Sands  "  appear  to  be 
represented  in  the  G6te-d*0r  by  ferruginous  limestones  and  olays; 
they  are  included  in  the  Taareien,  In  the  Cotteswolds,  where  they 
oonsist  of  sand  and  calcareous  sandstones,  and  the  distinGtion  ii 
sufficient  to  give  a  separate  name  to  them,  there  is  a  diyersity  of 
opinion  as  to  whether  they  are  more  closely  related  to  the  Upper 
Lias  day  or  to  the  Inferior  Oolite.  The  probability  seems  tb^  in 
this  respect,  they  occupy  much  the  same  position  as  die  Bhetio  beds, 
which  belong  as  much  to  the  Tiias  as  to  the  Lias,  and  that  similarly 
the  sands  form  a  pasBage  between  the  Upper  Lias  clays  and  the  lime- 
stones of  the  Inferior  Oolite.  The  name  should  therefore  be  of  a  less 
particular  kind,  and  have  reference  rather  to  any  peculiar  features  of 
the  beds  themselves,  or  to  the  locality  where  they  are  beat  exhibited. 

3.  Imfbbiob  Oolitb. — ^The  OoUihe  I^fMeure  (or  Rtage  BajocUa) 
is  well  developed  in  the  departments  of  the  Gdte-d'Or,  Saone-et- 
Loire,  and  the  Bhone,  and  it  will  bear,  in  many  respects,  the  same 
divisions  which  this  stage  presents  in  the  Cotteswold  Hills.  M.  de 
Ferry  has  well  described  the  Inferior  Oolite  of  the  neighbourhood  of 
M&con,  and  Dr.  Wright  here  reproduces  a  generalized  section  of  the 
beds  in  the  Jura  Maconnais,  in  order  to  show  how  well  the  structure 
of  our  English  Oolite  is  repeated  in  the  centre  of  France.  The  Cote- 
d  'Or  presents  a  section  essentially  the  same.  It  is  divided  by  M. 
Martin  into  five  stages. 

4.  Great  Oolite  Group.  —  In  the  Cote-d'Or,  according  to  M. 
Martin,  the  Bathonien  stage  exhibits  six  paleeontologiccd  zones,  all 
perfectly  distinct,  and  which  represent,  as  Dr.  Wright  shows,  the 
beds  from  the  Fuller's  Earth  to  the  Combnash,  inclusive.  Dr.  Wright 
gives  a  detailed  description  of  the  beds  which  occur  in  the  West  of 
England.  The  identification  of  this  great  Oolite  group  is  essentially 
palaeontological. 

The  Northampton  sands,  until  lately  considered  to  represent  the 
Stonesfield  slate  (Great  Oolite),  are  now  referred,  on  palaeontological 
grounds,  to  the  Inferior  Oolite.  Between  the  Great  Oolite  and  the 
Forest  Marble  there  sometimes  occurs  a  bed  called  the  Bradford 
clay.  Although  considered  as  merely  a  local  thickening  of  a  Forest 
Marble-clay,  l)r.  Wright  remarks  that  when  this  is  wanting,  it  is 
almost  impossible  to  distinguish  the  upper  beds  of  the  Great  Oolite 
from  those  of  the  next  formation. 

5.  Oxford  Clay. — The  Oxford  clay,  or  Oxfordien,  of  the  Cote- 
d'Or,  is  divided  into  fivo  stages.  The  lowest,  a  very  fossiliferous 
stage,  represents  the  Kelloway  rock.  The  other  stages  consist  in  the 
main  of  marls,  in  which  the  lower  calcareous  grit  appears  to  be 
represented. 

6.  Coralline  Oolite. — Ammonites,  so  useful  in  the  other  Jurassic 
formations,  being  t^k^  in  tiie  Corallian  strata,  other  leading  fossiLi 
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have  to  be  substituted  in  correlating  distant  beds.  In  France,  Ger- 
many, and  Switzerland,  the  beds  admit  of  a  triple  division.-  The 
first,  in  descending  order,  characterized  by  numerous  species  of 
NeriwBa  and  Diceras  arietinOf  is  termed  the  "  NerinsBan  zone ; "  the 
second,  remarkable  for  the  large  number  of  corals  it  contains,  the 
"  Coral  zone ; "  and  the  third  is  called  the  **  Eohinidian  zone,"  from 
the  abundance  of  Echinoderms  in  it.  Of  these  three  zones  the 
Ooralline  Oolite,  Coral  Bag,  and  Pisolite,  of  William  Smith,  may,  in 
Dr.  Wright's  opinion,  be  correlated  with  the  second  and  third  zones 
just  mentioned.  The  newest  or  Nerinsean  zone  is  absent  in  England, 
and  this  forms  a  distinct  group,  according  to  M.  Martin,  to  which  he 
gives  the  name  84guanien,  while  he  applies  the  term  Corallien  to  the 
other  beds  just  below  it,  and  which  lie  above  the  Oxfordien. 

7.  KiMHBRiDOB  Clay. — ^The  Upper  Jurassic  rocks  were  found  by 
Dr.  Wright  to  present  a  greater  diversity  of  character  in  different 
regions  than  the  members  of  the  middle  and  lower  divisions:  the 
difficulty  of  establishing  the  synchronism  of  their  several  stages 
increases  in  the  ascent,  from  the  Coral  Eag  to  the  sfimmit  of  the 
Purbeck  series.  Our  chief  obstacle  is  considered  by  him  to  be  the 
want  of  a  better  classification,  and  a  more  detailed  study  of  the 
Kimmeridge  Clay,  and  Portland  formations  of  England.  M.  Martin 
divides  his  KimmMdien  into — 1.  Marls  and  compact  limestones  with 
Ostrea  virguia.  2.  Calcatresd  PtSrociren  with  Ostrea  virgvla  sparingly. 

8.  Portland  Bsds. — M.  MsuH^in  makes  two  divisions  of  these 
beds,  which  are  composed  of  marly  limestones,  the  upper  with  Dri* 
goma  Boloniensis  and  Pinna  supra-jurensis  ;  the  lower  with  Am- 
monites  gigas.  Dr.  Wright  points  out  the  divisions  made  by  other 
geologists.  It  is,  however,  in  the  environs  of  Boulogne-sur-Mer  that 
perhaps  the  beds  are  best  studied,  and  he  therefore  devotes  some 
attention  to  the  section  given  by  M.  Pellat.  This  he  gives  in  a  con- 
densed form.  The  Portland  beds  are  here  divided  into  an  Upper, 
Middle,  and  Lower,  and  comparing  them  with  the  section  at  Hart- 
well,  he  comes  to  these  conclusions — Ist.  That  in  England  the  Lower 
PorUandien,  or  the  beds  with  Pema  rugoaa  and  Pterocera  Oceani,  is 
absent.  2nd.  That  the  Middle  PorUandien  is  represented  by  the 
dark  sandy  clays  of  the  brick-yard  at  Hartwell,  containing  Ammonites 
hipUxy  Cardium  Morinievm,  and  Ostrea  eacpansa,  etc.  A  portion,  like^ 
wise,  of  the  overlying  fossiliferous  sand,  with  green  Glauconitic 
grains,  belongs  to  this  group.  3rd.  The  Upper  Portlandien,  so 
largely  developed  in  England,  has  at  its  base  the  non-fossiliferous 
sands  without  Glauconite,  and  in  its  middle  and  upper  portions  the 
true  calcareo-siliceous  limestones  and  other  beds  forming  the  Port- 
land stone. 

The  correlation  of  our  English  strata  with  others  at  a  distance  is  a 
subject  of  the  highest  interest,  and  although  this  sketch  does  little 
justice  to  Dr.  Wright's  elaborate  paper,  our  object  is  gained  by 
bringing  it  under  the  notice  of  the  readers  of  the  Geological 
Magazine. — H.B.W. 
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n. — On  ths  Cauu  of  the  Motioh  of  Glaoisbs. 

By  Jint  Cboll,  of  the  Geologioal  Snirej  of  Sootland. 
[Philotophical  Maguiiie,  September,  1870.] 

THE  ice  of  a  glader  is  now  almost  nniversally  believed  to  be,  not 
a  Boftplastio  Bubstanoe,  bat  a  Bnbstance  hard,  brittle,  and  un- 
yielding. The  ]>ower  that  the  glacier  has  of  accommodating  itself  to 
the  ineqnalities  of  its  bed,  without  losing  its  apparent  continuity,  \b 
referred  to  the  property  of  regelation  possessed  by  ice.  All  this, 
says  Mr.  GroU  is  now  plain ;  but  what  impels  the  glacier  forward  is 
still  a  question  under  discussion.  The  answer  generally  given  is 
that  gravitation  alone  is  the  force  which  does  this.  But  as  the  ice  of 
the  glacier  descends  with  a  difEerential  motion,  we  have  not  only  to 
explain  what  causes  the  glacier  to  slide  on  its  bed,  but  also  what 
displaces  the  particles  of  the  ice  over  and  alongside  one  another. 
The  Rev.  Canon  Moseley  ^  heis  lately  investigated  the  cause  of  the 
descent  of  glaciers,  and  ho  has  found  that  the  amount  of  work  per- 
formed on  a  glacier  during  its  descent  through  a  given  space  is 
enormously  greater  than  the  work  of  the  weight  of  the  glacier 
descending  through  that  space.  He  has  determined  that  the  aggre- 
gate work  of  the  resistances  which  oppose  themselves  to  its  descent 
m  a  given  time  is  about  thirty-four  times  the  work  of  the  weight  in 
the  same  time  ;  consequently  it  is  physically  impossible  that  the 
mere  weight  alone  of  the  glacier  can  be  the  cause  of  its  descent. 

He  has  further  shown  that  the  mere  weight  of  the  ice  is  wholly 
insufficient  to  overcome  the  cohesion  of  the  crystalline  particles,  so 
as  to  break  their  connexion  and  cause  them  to  be  displaced  one  over 
the  other.     And  this  point  Mr.  Croll  regards  as  fully  established. 

Mr.  Croll  reviews  Canon  Moseley's  paper,  and  also  the  obser- 
vations of  Messrs.  Mathews  and  Ball,  published  in  reply  to  it.* 

It  is  generally  supposed  that  the  ice-particles  of  a  glacier  are  in 
a  hard,  solid,  and  crystalline  state,  and  that,  owing  to  differential 
motion,  the  cohesion  of  the  ice-particles  is  broken,  and  that  these 
solid  particles  are  forced  over  and  alongside  one  another.  Two 
particles  separate,  and  the  one  moves  past  the  other.  <'  But,"  asks 
Mr.  Croll,  '*  were  the  two  particles,  at  the  moment  when  separation 
took  place,  both  in  the  hard,  crystalline,  and  solid  state  ?  "  Canon 
Moseley  does  not  prove  this ;  he  merely  assumes  it  to  be  the  case, 
and  shows  that  if  the  particles  of  the  ice  are  in  this  state,  weight 
is  insufficient  to  produce  the  descent  of  glaciers,  and,  therefore,  some 
force  in  addition  to  it  is  required  to  cause  the  phenomenon.  Mr. 
Croll  argues  that  Canon  Moseley  has  not  proved  his  point ;  he  has 
only  shown,  that  if  the  glacier  shears  in  the  way  that  it  is  generally 
supposed  to  do,  it  cannot  descend  by  its  weight  alone.  Canon 
Moseley  regards  solar  heat  as  the  primary  cause  of  glacier  motion. 
The  fact  that  a  glacier  moves  more  rapidly  during  the  day  than 

^  Proceedings  of  the  Royal  Society,  January,  1869.    See  also  Geolooical  Maoa- 
ziMB,  May,  1870,  p.  229. 

*  In  reference  to  these  replies,  Mr.  Croll  states  his  inahility  to  perceive  that  any- 
thing which  they  haye  advanced  materially  affects  Canon  Moseiey*B  general  con- 
olnsionB  as  rcgaroa  the  coinmonV^-T«^y«d  theory  of  glader  motion. 
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daring  the  night,  and  daring  summer  than  daring  winter,  proves  that 
there  must  be  some  physical  connexion  between  the  heat  of  the  sun 
and  the  motion  of  the  glacier.  Mr.  OroU  could  never  ham\onize 
this  fact  with  the  commonly-received  theory ;  and,  while  admitting 
the  agency  of  heat,  he  remarks  that  heat  is  not  necessarily  the  cause 
of  glacier-motion.  Gravitation  may  be  the  eausef  and  heat  only  a 
necessary  condition. 

To  him  there  seems  to  be  but  one  explanation,  namely,  that  the 
motion  of  the  glacier  is  moleeviar.  His  concluding  remarks  are  as 
follow  :  The  ice  descends  molecule  by  molecule.  The  ice  of  a  glacier 
is  in  the  hard,  crystalline  state,  but  it  does  not  descend  in  this  state. 
Gravitation  is  a  constantly  acting  force ;  if  a  particle  of  the  ice  lose 
Us  shearing-force,  though  but  for  the  moment,  it  will  descend  by  its 
weight  alone.  But  a  particle  of  the  ice  will  lose  its  shearing-force 
for  a  moment  if  the  particle  loses  its  crystalline  state  for  the  moment. 
The  passage  of  heat  through  ice,  whether  by  conduction  or  by  radia- 
tion, in  all  probability  is  a  molecular  process,  that  is,  the  form  of 
energy  termed  heat  is  transmitted  from  molecule  to  molecule  of  the  ice. 
'But  at  the  moment  that  it  is  in  possession  of  the  passing  energy,  is 
the  molecule  in  the  crystalline  or  icy  state  ?  If  we  assume  that  it  is 
not,  but  that  in  becoming  possessed  of  the  energy  it  loses  its  crystal- 
line form,  and  for  the  moment  becomes  water,  all  our  difficulties 
1r^;arding  the  caose  of  the  motion  of  glaciers  are  removed.  We 
know  that  the  ice  of  a  glacier,  in  the  mass,  cannot  become  possessed 
of  ePnergy  in  the  form  of  heat  without  becoming  fluid ;  may  not  the 
same  thing  hold  true  of  the  ice-particle  ? 

Thickness  of  Glaciers, — Appended  to  his  paper  is  a  note  by  Mr. 
Oroll  on  the  alleged  limit  to  the  thickness  of  a  glacier.  Experiments 
by  Canon  Moseley,  on  the  crushing  of  ice,  led  this  gentleman  to 
conclude,  that  if  a  glacier  be  over  710  feet  in  thickness,  the  ice  at 
the  under  surface  must  be  crushed  by  the  incumbent  weight.  Ex- 
periments previously  made  by  Professor  Phillips  had  led  him  to  the 
conclusion  that  a  glacier,  exceeding  1,500  feet  in  thickness,  would 
lose  its  solidity. 

Mr.  Croll  maintains  that,  as  a  necessary  consequence  of  the  pro- 
perty of  regelation,  ice,  after  being  crushed,  would  resolidify.  So 
far  as  he  is  aware,  there  is  no  known  limit  to  the  amount  of  pressure 
•which  ice  may  sustain.  On  the  Antarctic  continent  we  have  reasons 
for  believing  that  the  ice  is  in  some  places  over  a  mile  in  thickness. 


I. — On  thb  Fossil  Cyoadban  Stums  peom  the  Second aky  Booea 
OF  Bbitain.  By  William  Carbuthebs,  F.L.S.,  F.G.S.,  British 
Museum.  Transactions  of  the  Linnean  Society  of  London,  Vol. 
xxvi.,  1870,  pp.  675-708.     4to.     10  plates. 

OUR  knowledge  of  the  true  classification  of  the  remains  of  fossil 
plants  has  greatly  increased  of  late;  not  that  any  very  large 
additions  have  been  made  in  the  number  of  species  described  since 
the  days  of  Lindley  and  Hutton,  but  we  have  become  better  ao- 
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quAinted  with  ihe  seal  dianoteniy  aoi  only  of  maagr  ahea^J  Ae« 
Knibed,  bat  of  odiera  taboequently  diaoovwed. 

Among  thoae  who  hftTe  apeoally  devoted  tlmii^ 
to  this  lubjeoti  we  may  dte  the  nameaof  Hbdkery  King^  WiUiamaon, 
Binney ,  as  well  as  of  the  aathor  of  the  paper  before  ii%  whoae  name 
has  now  beoome  familiar  to  the  readera  of  ttla  MagMrine  fay  his 
freopent  oontribntions  to  its  pages.* 

«  Mr.  Garmthers,  like  Dr.  Hooker^  haa  broiight  to  bear  npoii  fbaril 
forms  an  extensive  knowledge  of  leoent  plants,  both  stmolaral  and 
'fhysiologioal»  whidh  givea  to  his  pnUisned  ofMnions  oonsideraHs 
weiflht  when  treating  of  the  relios  of  vegetable  lennaina  found  im- 
bedded in  the  varioos  strata. 

.  So  fieqnently  indeed  do  the  remains  of  j^lants  ooonr  in  a  fki^ 
mentaiy  state  (from  whioh  fingments  sometmies  spedea,  and  even 

Knem,  hsye  been  made  almost  at  random),  and  oonsidering  also 
w  oommonly  the  more  important  parts  by  which  plants  can  be 
identified  are  wanting  in  the  fossil  stete, — as,  for  in^snee,  flowers 
and  fruits, — or,  if  fonnd,  are  frequently  diaKM&^ted  from  each  other; 
it  requires  all  the  skill  and  speoial  knowledge,  derived  from  the 
stady  of  recent  Botany,  genemly  to  allocate  and  rearrange  the 
jMattered  fragments  and  determine  their  true  aiBnities. 

This  method  of  investigation  is  thoronghly  carried  out  in  the 
Monograph  before  us,  <'(£  the  Fossil  Oycadean  Stems  from  the 
Secondary  Bocks  of  Britain.*' 

The  recent  Cycadea  are  a  peculiar  and  interesting  group  of 
Gymnospermatous  plants  whioh  from  their  organs  of  fruotificatioE 
are  related  to  Goniferse,  and  in  their  habit  of  growth  present  some- 
what the  aspect  of  Palms.  As  a  group,  they  are  restricted  to  the 
Asiatic,  to  the  African,  to  some  part  of  the  Australian,  and  to  the 
American  Continent 

The  fossil  remains  of  this  family  are  chiefly  confined  to  the 
Mesozoic  strata,  in  which  their  remains  are  both  abundant  and 
characteristic,  for  their  stems,  leaves,  and  fruit  are  so  perfectly  pre- 
served that  their  true  nature  can  be  determined  wiUi  the  utmost 
precision. 

Most  of  the  organisms  in  the  Palsdozoic  rocks  referred  to  this 
group  are  either  difficult  to  determine,  or  belong  to  other  plants. 
**  The  detached  fruits  present  no  characters  justifying  their  reference 
to  Cyoadea,  The  stems  from  the  Coal-measures,  figured  and 
described  by  Fresl  under  the  names  of  Cyeadiie$  coiumnari*^  C, 
involutus,  and  Zamites  Cordai^  are  certainly  arborescent  cryptogams 
belonging  to  the  same  group  as  Lepidodrndnm^  as  Brongniart  and 
Miquel  have  already  shown."  (p.  675.) 

Other  Palaeozoic  genera  which  have  been  referred  to  Cycads  also 
belong  to  the  Cryptogams.  Thus  Mr.  Carruthers  observes  : — "The 
structure  of  Medullosa,  Cotta,  and  Calpoxylon,  Brong.,  referred  by 
Goppert,  Miquel,  and  Unger,  to  Cyeadea,  diflfers  so  essentially  from 
any  known  stem  of  that  order,  that  I  would  even  go  further  than 

^  No  fewer  than  sixteen  papers  by  Mr.  Carmthers  on  Fossil  Botany  (besides  tight 
OB  other  subjects)  will  be  found  in  the  pages  of  this  JonmaL 
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Brongniart,  who  considers  their  Cyoadean  claims  to  be  very  doubtful, 
and  say  that,  as  far  as  the  evidence  supplied  by  the  stem  goes,  their 
affinities  are  much  more  with  the  vascular  Cryptogams  than  with 
any  tribe  of  Phanerogams."  (p.  676.) 

So  far  as  our  present  knowledge  extends,  the  Cyeadem  are  re- 
markably absent  from  beds  of  Tertiary  age.  ''  The  stem  from  the 
Paris  basin,"  writes  the  author,  "referred  by  Presl  to  this  order, 
under  the  name  Zamites  JBrongniartii,  is,  as  Brongniart  originally 
described  it,  an  Endpgen.  The  only  other  supposed  indication  of 
Tertiary  Cycadea  is  the  fragment  of  a  leaf  {Zamites  arHicuti)  described 
by  Goppert»  from  the  Miocene  beds  at  Eook,  in  Greenland."  (p.  677.) 
He  adds : — "It  cannot  be  supposed  that  Cyeadea  were  absent  from  the 
vegetation  of  the  Tertiary  period,  their  non-discovery  hitherto  must 
be  taken  as  another  instance  of  the  imperfection  of  the  record  of 
extinct  life  with  which  students  have  to  dealJ'  (p.  677.) 

A  general  bibliography  is  given  of  this  class  from  the  first  notice 
of  them  by  Mantell,  in  1822,  followed  by  Presl  (1825),  Brongniart 
(1828),  Lindley  and  Button  (1833),  Sternberg  (1838),  Goppert 
(1844),  and  Oldham  and  Morris  in  1862. 

This  is  followed  by  a  clear  synopsis*  of  the  genera  and  species  of 
the  fossil  stems  hitherto  discovered  in  Britain,  and  which  includes 
six  genera,  and  two-  others  not  hitherto  recognized  as  British,  namely 
Cro99inamiat  Pomel;  and  Raumeriaj  Goppert. 

The  genera  are  arranged  under  four  tribes : — 

Firstly,  the  CYCADKS :  including  the  genus  Bueklandim^  PtmI  ;  and  species. 
B,  anomala,  B.  ManteUi^  B,  tquamota,  B,  MiUeriana.  The  two  firstrnamed 
species  being  from  the  VTealden,  and  the  two  last-named  from  the  Oolite. 

Secondly,  the  ZAMIEJE :  including  the  genus  Yatesia,  Carr. ;  and  species  T. 
Morriniy  Lower  Cretaceous;  Y.  armeili$,  Lias;  JT.  ertu$a,  M.  Oolite;  J*. 
Joattianoj  M.  Oolite :  the  genus  J'titonia,  Carr.,  and  species  F»  $quamata^  U. 
Cretaceous;  the  genus  Cnssozamut,  Pomel,  and  species  C.  Moreauij  Pomds 
Jurassic ;  and  C  Buptanieri^  Pomel,  Jurassic  ;  both  from  St.  Michel,  France. 
;  Thirdly,  the  WILLIAM SONI£L£  :  including  the  genus  fFiiliamtoniOy  Carr.» 
and  species  JF,  gigas^  W,  peeten^  W,  kastula^  all  from  the  Inferior  Oolite. 

Fourthly,  the  BBNNETTITE^:  including  the  genus  Btnntttit§s,  Carr.,  and 
species  B,  Saxbganm,  Wealden;  B,  Qibwrnianui,  Lr.  Greensand-,.  B.  maximua^ 
Wealden ;  B.  Artlandieutt  Lr.  Purbeck  ;  and  B,.  Feaehianus^  M.  Oolite :  the 
genus  ManteUia,  Brong.,  and  species  M.  nidifbrmiSf  M.  intermedia^  M,  miero" 
phyUay  from  the  Lr.  !^rbeck  ;  and  JIf .  tneltua^  fVom  the  Lower  Cretaceous :  the 
genus  Baumeria,  Goppert,  and  species  B,  Beiehenbaehiana^  from  Galioia,  and 
Jt,  Sehuhiana,  from  Silesia. 

Mr.  Garruthers  gives  a  most  careful  and  detailed  description  of  the 
characters  upon  which  each  of  the  fossil  genera  are  established. 

Commencing  with  Bueklandia,  Mr.  Carruthers  adduces  reasons  for 
considering  it  the  same  as  Clathraria,  of  Brongniart,  and  as  closely 
related  to  the  living  Cycas,  The  author  observes  (p.  683) :  "  The 
stems  were  cylindrical,  attaining  a  height  of  at  least  four  feet,  and 
sometimes  dividing  dichotomously.  The  stem  exhibits  a  series  of 
alternating  swellings  and  constrictions,  and  is  covered  with  more  or 
less  rhomboidal  scars,  arranged  in  close  proximity  to  each  other,  and 
in  a  quincuncial  manner,"  etc. 

By  a  reference  to  the  recent  Cycaa  circinalis,  Mr.  Carruthers  clearly 
explains  the  mode  of  growth  in  Bucklandia : — **  The  remarkable  cor- 
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icgpoaflttno  hrtiram  the  getoent  ttiA  fliefcerilitgmi^bit^Tidiopginfe 
iw  tiiere«ui  be  no  dadbi,  to  fhe  flaiiie  order  of  pluit8»  msir  fidiqr  be 
infenred  io  bai^  been  raodooed  Ipf  tfie  flMne  eaii^ 
ere  tke  baaesof  true  leayee ;  the  smaller  sone  immediaiely  niooeed- 
fiig  them,  88  is  eetablidied  hj  their  BSfjtA  imbtioariioa  and  Ae  small 
(rioatriz  4m  their  upper  snargm,  sopfKirted  bwoeolate  eoaldi;  ai^  the 


baviaig  no  band  of  qpeeialiaed  firait-beadng  leaves  borne  on  tbe  main 
totem;  and  the  leafBoye  are  neaxly Moal uaiie  ftxop^ioat. 

The  neeir  genns  WitUam$cma  is  perofwUy  among  due  m^at  lemaik- 
.aible  of  the  ^vganinna  herein  ^eaonbed,  and  has  been  ihib  cnbjebl  dt 
much  <etixaaa8  and  interesting  epeoolation,  from  &e  time  of  xom^ 
and  Bird  (<vv^o  oompared  the  male  infloresoenoe  to  that  of  the  arti- 
ohoke)  to  that  ^f  Mr.  Yates  and  Fiof.  WiUiamson  (im  the  Arooeed. 
York.  FhiL  Soa).  The  latter  gentleman,  who  has  had  tlieae  fcsfBob 
under  his  notioe  for  ttiirty  jfears,  Ufoerally  offered  to  plaoe  his  notes 
at  Mr.  Oarraihers'  disposal  for  this  memoir,  but  he  has  been  penniaded 
by  the  author  to  inoorporate  the  nnmerons  ftets  he  had  oolleoled*  and 
ms  ingenions  interpretation  of  them,  in  a  separate  memoir  under  the 
title  of  Zasma  gigas.  From  the  peonliarities  of  the  •oxgsna  of  frooti- 
fieation  and  o&er  eharaoten  (for  the  elaborate  expomtipn  of  nrhioh 
the  reader  is  referred  to  Prof.  Williamson!s  memoir),  the  genus 
.  TFc7ltdiii«Qfita  has  been  established  by  Mr.  Oarruthers. 

An  elf^rate  and  carefully  prepared  diagnosis  intiodnoes  the 
genus  £ennettites  (Camithers),  named  afler  his  distinguished  ool- 
league,  and  based  upon  some  well-preserved  specimens  obtained 
from  the  Wealden  and  Lower  Greensand  of  the  Isle  of  Wight,  frag- 
'  ments  of  which  had  formerly  been  referred  to  Buehlandia  anomalaj  by 
Mantell ;  it  had  also  attracted  the  attention  of  the  late  Bobert  Brown, 
who  observed  that  all  the  Isle  of  Wight  Gycads  agreed  ''  in  having 
an  elliptical  outline,  unaccompanied  by  any  ineaualiiy  in  tbe  woody 
ellipsis,  and  also  in  having  a  bud  in  the  axilla  of  eacdi  leaf,"  thus 
differing  from  all  other  Cycad  stems  which  are  circular  in  outiiae 
and  have  only  scattered  buds  (p.  695).  But  the  more  complete  ex- 
amination of  newer  materials  at  his  disposal  have  revealed  structures 
in  the  organs  of  fructification,  as  well  as  in  the  stem,  which  justify 
their  being  placed,  not  only  in  a  distinct  genus,  but  as  forming  a 
well-marked  group  :  one  peculiarity  being  that  the  fruit  is  borne  in 
a  secondary  axis  not  protruding  beyond  the  basis  of  the  petioles. 
Mr.  Carruthers  says  (p.  698) .: — 

'^  In  comparing  the  structure  of  this  plant  with  the  inflorescence 
of  the  recent  CycadetBy  the  points  of  difference  are  more  obvious  than 
those  in  whidi  they  agree.  The  most  important  correspondence  is 
to  be  found  in  the  structure  of  the  seed,  and  its  envelopes.  The 
fossil  is  truly  gymnospermous,  the  pollen  having  access  io  the 
embryo-sac  through  the  tubular  openings  in  the  covering  of  the  seed, 
and  not  through  a  style  developed  from  an  investing  carpellary 
oigan.    The  most  remarkable  differenoe  is  to  be  found  in  the  oom- 
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pound  fruit  of  the  fossil.  In  the  reoent  members  of  the  order,  the 
fruity  whether  borne  on  slightly  modified  leaves,  as  in  Cyeas^  or  on 
the  peltate  or  imbricated  s^es  of  a  ooAe,  as  in  the  other  genera,  is 
always  produced  on  foliar  organs.  In  the  fossil,  on  the  other  hand^ 
it  is  borne  at  the  end  of  its  axis.  In  this  respect,  however,  it  agrees 
with  Taxus,  except  that  it  possesses  innumeraHo  seeds ;  it  must  be 
considered  to  hold  the  same  relation  to  the  other  Cyeadea  that  Taxua, 
with  its  suooulent,  oup-shaped  pericarp^  does  to  the  cone-bearing 
ConiferBB." 

The  last^mentioned  genus  ManUlliay  named  by  Brongniart,  and 
with  which  the  genus  Cycadeaidea,  of  Buckland,  is  synonymous, 
forms  the  subject  oi  an  important  memoir  by  £>r.  Backl'and,  which 
owes  much  of  its  value  to  the  observations  of  the  late  Robert  Brown, 
which  it  containa  Mr.  Carruthers  points  out  that  the  trunks  of 
Mantellia  "  differ  from  Bennettites  in  their  form,  as  well  as  in  the 
more  distinctly  rhomboidal  petioles  and  the  elongated  secondary 
axis.  They  agree  in  the  nature  of  the  tissues  and  the  method  in 
which  they  are  built  up  in  the  stem.  The  petioles  are  clothed  with 
a  dense  ramentum,  and  they  have  numerous  axillary  branches  which 
bore  small,  simple  linear-lanceolate  leaves.  The  branches,  when 
full-grown,  are  broken  off  at  the  point  where  they  leave  the  bases 
of  the  petioles.  Sometimes  they  are  undeveloped,  and  still  exist  as 
unexpanded  leaf-buds,  terminating  the  shortened  branch.  These 
buds  are  composed  of  leaves,  protected  by  a  very  dense  and  very 
abundant  ramentum.  The  branches  precisely  agree  with  those  in 
Bennettites,  and  have  been,  I  have  no  doubt,  like  them,  the  supports 
of  the  organs  of  reproduction ;  only  the  fruits,  having  been  borne  at 
the  ends  of  elongated  and'  eonsequently  unprotected  branches,  have 
been  broken  off."  (p.  701.> 

It  is  earnestly  to  be  hoped  that  the  author  of  the  present  valuable 
Monograph  will  not  leave  the  stems  he  has  so  ably  described, 
destitute  of  foliage,  but  that,  having  given  us  the  very  pith  of  the 
subject,  be  ¥riU  go*  on  to  the  branches,  buds,  leaves,  and  fruits.  May 
we  add  the  h(^e  that  Mr.  W.  G.  Smith,  who  has  so  ably  and 
truthfully  delineated  the  structure  of  Cycadean  stems,  in  the  ten 
beautiful  quarto  plates  which  illustrate  this  Monograph,  from  the 
remarkable  series  of  specimens  in  the  British  Museum,  may  be  speci- 
ally retained  to  draw  the  foliage. — J.M. 


n. — Journal  of  the  Royal  Aobicultubal  Society  op  England. 
Second  Series*     Vol.  vi.     Part  2,  No*  xii.     1870. 

THE  bearing  of  Geology  upon  Agriculture  is  so  prominently  shown 
in  the  Journals  of  the  Royal  Agricultural  Society  that  we  look 
forward  with  great  interest  to  the  publication  of  the  successive 
numbers.  The  one  before  us  contains  a  very  pretty  geological  map 
of  the  country  around  Oxford,  including  a  large  area,  being  bounded 
by  the  towns  of  Reading,  Wantage,  Lechlade,  Stow-on-the-Wold, 
Banbury,  Brackley,  Buckingham,  Aylesbury,  High  Wycombe,  and 
Great  Mario w«    This  map,  which  illiutrates  a  Report,  b^  Mc«  H..  ^ « 
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Kenry,  on  a  Wurm-priie  Oompelitioii  in  tbe  dittriofc^  wm  yngKnA 
hy  the  Sodetv's  Beovetaiy,  Mr.  H.  M.  Jookhui,  F.a.a,  eto.  Tt 
shows  Teiy  olearlj  tiie  geologioal  firamatioiui  diapbrod,  and  also 
the  "  Bnrfiftoe-deposUs  "  wUoh  «re  aoattered  over  the  larger  portioii 
of  the  area. 

The  latter  are  daarified  into  Allmdmn,  Tallflj-gniYel^  High-k^el 
Drifts,  and  Soattexed  Pebbles. 

The  characters  of  the  boQs  are  onty  briefly  aUoded  to  bj  Mr. 
Keaiy,  as  his  report  deals  with  the  management  of  the  serenlfimis 
deaonbed,  ratiier  than  with  the  relative  oapaMBtiaaol'  the  landa^ 

Mr.  Jenkins  fiunishea  a  note  espbnatoiy  of  tiie  nm.  Tlie 
''ffig^-level  Drifts"  form  the  tlrofi^  lami  which  ao  freaoenthf  oovm 
tiie  summits,  of  the  Ohalk  and  OoUto  hills.  These  Inotnde  toe  elaj- 
with-flints,  briok-earl&,  and  gravel  that  eap  the  Olialk  hdlls.  The 
olay-with*flint8  is  «  genuine  soil,  formed,  as  Mr.  Whitaker  has 
pointed  out,  of  the  flints  and  earthy  matter  left  by  diaaolution  of 
the  ohalk,  together  with  a  clayey  and  loamy  wash  from  the  Terti- 
«ries.  It  is  subject  to  much  variation,  in  some  places  being  vexy 
sandy,  while  in  others  there  are  fields  which  aie  Ktnally  crammed 
with  flints,  with  so  Mttle  soil  that  it  seems  wonderful  how  any  plant 
can  flnd  nourishment — ^yet  turnips  appear  to  floniiah*  Attempta  are 
sometimes  made  to  reduce  the  quantily  of  ffints  by  picidng  off  osit- 
loads  of  the  stones,  but  they  soon  ''grow*'  again  as  HiidUgr  aa  ever 
— ^if  any  appreciable  difference  is  redlly  ever  made. 

The  '<  scattered  pebbles  "  are,  aooording  to  Mr.  Jenkins,  much  too 
scattered  to  be  mapped  into  distinct  beds,  but  they  are  of  sufficient 
importance  to  influence  the  agricultural  character  of  the  8urfiBU)e. 

Although  on  but  a  small  scale,  this  little  map  gives  as  accurately 
as  possible  the  distribution  of  the  superficial  deposits  over  the 
country  around  Oxford,  so  far  as  published  and  other  observations 
have  made  them  known,  to  which  must  doubtless  be  added  much 
persona]  research  by  Mr.  Jenkins. 

It  shows  the  general  nature  of  the  sub-soil,  and  as  the  fiurms 
which  competed  for  the  prizes  are  situated  in  various  parts  of  the 
area,  it  is  interesting  to  notice  the  systems  adopted  in  each  of  those 
described. 

We  can  scarcely  hope  over  to  have  a  map  of  England  npon  which 
the  diflerent  soils  are  traced  out,  owing  to  the  large  scale  of  the  map 
that  would  be  required.  The  promised  Drift-maps  of  the  Geological 
Survey  will  complete  the  tracing  out  of  the  sub-soils,  and  as  these 
exercise  a  direct  influence  on  the  nature  of  the  soil,  they  will  be  of 
much  use  to  agriculturalists. 

The  present  journal  contains  other  interesting  matters  which  we 
must  briefly  notice. 

There  is  a  Report  on  the  Farming  of  Monmouthshire,  by  Mr.  W. 
Fothergill,  which  contains  a  small  geological  map  of  the  county,  and 
also  an  account  of  the  soils  found  upon  each  formation.  The  De- 
vonian rocks  furnish  a  great  variety  of  soils; — there  is  a  deep  loam 
especially  favourable  to  the  oak  and  the  apple;  the  oonglomeratee 
furnish  soils  weU  suited,  iox  xooVa  ^sA  Vftxlay;  on  the  day  a  stroog 
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wheat-soil  is  formed,  whilst  the  slaty  or  shaly  beds  are  best  adapted 
for  woodland.  The  Mountain  Limestone  soil  produces  good  pasture 
for  the  native  sheep  and  cattle.  The  Millstone  Grit  appears  adapted 
for  sheep-walks  only.  It  has  been  stated,  says  Mr.  Fothergill,  that 
the  worst  land  in  England  lies  upon  the  Coal-measures,  and  certainly, 
at  its  best,  it  is  but  hungry  soil ;  however,  by  draining  and  lining, 
it  may  be  rendered  in  a  measure  productive. 

Tho  New  Bed  Sandstone  is  of  well-known  and  marked  fertility, 
producing  in  rich  abundance  every  kind  of  crop. 

The  Lias  furnishes  a  cold,  wet,  tenacious  clay  or  clayey  loam. 
When  pervious  it  is  found  fit  for  cultivation,  and  grows  good  wheat 
and  tares.  The  Alluvium  gives  great  variety  of  soil,  both  in  appear- 
ance and  in  productiveness,  and  this  arises  partly  firom  deficient 
drainage,  partly  from  the  character  of  the  subsoil,  and  sometimes 
from  the  elevation. 

Mr.  S.  B.  L.  Druoe  gives  an  account  of  an  Embankment  and 
Gutting  in  the  parishes  of  Standlake,  Northmoor,  Stanton  Harcourt, 
and  Eynsham,  in  the  county  of  Oxford,  made  to  protect  the  district 
from  the  flood  waters  of  the  river  Thames.  This  contains  an 
analysis  of  soil  from  Stanton  Haroourt,  by  Dr.  Voelcker. 

The  agriculture  of  the  Scilly  Isles  is  treated  of  by  Messrs.  L.  Scott 
and  H.  Bivington,  F.G.S.  These  islands  are  almost  entirely  granitic 
The  rock  is  remarkably  loose  in  texture,  readily  disintegrating,  and 
liable  to  rapid  decomposition,  owing  to  the  many  joints  that  occur  in 
it.  The  granite  contains  large  quantities  of  iron  and  felspar,  to  the 
presence  of  which  the  fertility  of  the  soil  is  attributed. 

To  the  several  other  papers  in  this  journal  we  need  not  allude, 
as  they  have  no  direct  reference  to  Greology. 


Gbolooioal  Society  of  London. — Opening  Meeting:  Nov.  9, 
1870.  Joseph  Prestwich,  Esq.,  F.B.S.,  Ihresident,  in  the  chair.  The 
following  communications  were  read : — 1.  ''  On  the  Carboniferous 
Flora  of  Bear  Island  (lat  74°  S(y  N.)."  By  Professor  Oswald  Heer, 
RM.G.S. 

The  author  described  the  sequence  of  the  strata  supposed  to 
belong  to  the  Carboniferous  and  Devonian  series  in  Bear  Island,  and 
indicated  that  the  plant-bearing  beds  occurred  immediately  below 
those  which,  from  their  fossil  contents,  were  to  be  referred  to  the 
Mountain  Limestone.  He  enumerated  eighteen  species  of  plants, 
and  stated  that  these  indicated  a  close  approximation  of  the  flora  to 
those  of  Tallowbridge  and  Kiltorkan  in  Ireland,  the  Grey wacke  of 
the  Yosges  and  the  southern  Black  Forest,  and  the  F<fm^t7ii-shales 
of  Aix  and  St.  John's,  New  Brunswick.  These  concordant  floras  he 
considered  to  mark  a  peculiar  set  of  beds,  which  he  proposed  to 
denominate  the  ''  Ursa-stage."  The  author  remarked  that  the  flora 
of  Bear  Island  has  nothing  to  do  with  any  Devonian  flora,  and  that 
consequently  it  and  the  other  floras,  which  hA  T«^g9tsd&  ^&  ^y^'^^^^^fic^- 
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raneons,  most  be  refenred  to  the  Lower  Oftrbonifeiaaa.  Henoe  lia 
argued  that  the  line  of  separation  between  the  GarbosiifeTouB  a&d 
Devonian  formations  must  be  drawn  below  the  Yellow  Sandstones. 
The  presence  of  fishes  of  Old-Bed-Sandatone  type  in  the  oyeilying 
slates  he  regarded  as  famishing  no  argument  to  invalidate  this  ood- 
dusion.  The  Sandstones  of  Parry  Island  and  Melville  Island  are 
also  regarded  by  the  author  as  belonging  to  the  **  Ursa-stage,"  whichy 
by  these  additions,  presents  us  with  a  nora  of  seventy-seven  species 
of  plants.  The  author  remarked  upon  the  singularity  of  plsnts  of 
the  same  speoies  having  lived  in  r^ons  so  widely  separated  as  to 
give  them  a  range  of  261^  of  latitu&y  and  indicated  the  relationfl 
of  such  a  luxuriant  and  abundant  vegetation  in  high  northern 
latitudes  to  neoessary  changes  in  dimate  and  in  the  distribution  of 
land  and  water. 

Discussion. — Sir  Charles  Lyell  remarked  that  the  Yellow  Sandstoies  of  Dora  Den 
in  Fife,  and  of  the  count?  of  Cork  in  Ireland,  eontain  GlpjttcUpis  and  A$ter0ltpu, 
genera  of  fish  exclusiTely  Devonian,  or  helon^png  to  the  middle  parts  of  the  Old  B^d 
Sandstone — also  the  genus  Ooeeosteiu,  which,  is  abundantly  represented  in  the  Middle 
Old  Red  Sandstone,  and  sparingly,  or  only  hy  one  species,  in  the  Carboniferous 
formation.  The  evidence  dorirea  from  these  flshes  inclined  him  to  the  belief  that  the 
Yellow  Sandstone,  whether  in  Ireland  or  Fife,  should  be  referred  to  the  Upper 
Devonian,  and  not  to  the  Lower  Carboniferous^  as  Sir  Biehard  GrLffitha  contended, 
and  as  Heer  now  thinks. 

As  to  the  argument  founded  on  the  plants,  he  considered  it  an  important  and 
truly  wonderful  announcement,  that  many  well-known  Carboniferous  species  are 
eommon  to  Bear  Island  (in  lot.  74*'  SC  N.),  in  the  Arctic  rMions,  and  to  Ireland  and 
other  parts  of  Europe  (26°  of  latitude  further  south).  But  rossil  plants  are  supposed 
to  have  a  xrider  rtinee  in  space  and  time  than  fossil  fish ;  and  we  know  that  the 
cryptogamic  flora  of  the  ancient  coal  is  remarkable  for  the  wide  horizontal  spread  of 
the  same  species,  extending  from  North  America  to  Europe,  so  that  we  need  not  be 
surprised  if  many  species  should  extend  vertically  from  the  Devonian  into  the  Car- 
boniferous strata. 

Mr.  Carrutbcrs  remarked  on  the  bearing  of  the  paper  on  the  Eiltorkan  beds,  and 
considered  that  Dr.  Heer  had  completely  established  the  correlation  of  the  deposits. 
He  differed,  however,  as  to  the  numerical  proportions  of  the  species.  He  could  not 
recognize  Cyelontigma  as  a  genus,  but  considered  it  founded  on  insufficient  grounds, 
in  Ti'hich  view  Prof.  Haughton  now  agreed.  It  was,  in  fact,  founded  on  fragments  of 
the  bark  of  Lepidodcndron  (?ri^4Afit,  Brongniart,  to  which  species  the  LfpUoeUndron 
indicated  by  Prof.  Heer  as  Z.  Veltheimianuniy  really  belonged.  Other  detached 
portions  of  this  same  plant  had  been  described  by  various  authors  under  no  less  than 
seven  different  specific  names,  and  referred  to  nearly  an  equal  number  of  distinct 

f:cnera ;  and  Prof.  Heer  had  reckoned  these  as  species  in  his  comparison  of  the  Bear- 
sland  and  Irish  floras.  Prof.  Heer  had  been  led,  chiefly  by  the  erroneous  determi- 
nation of  the  Kil torkan  2>/)t<fo^€^^ron  by  the  Irish  palieontologists,  to  refer  these 
beds  to  the  Carboniferous  rather  than  to  tue  Devonian  formation,  the  Kiltorkan  fo«il 
having  been  established  as  a  very  distinct  species  by  Brongniart  and  Schimper.  Mr. 
Carrutbcrs  considered  that  both  the  Irish  and  Bear-Island  deposits  belonged  to  the 
Devonian. 

Mr.  Boyd  Dawkins  pointed  out  that  the  proximity  of  land  was  exhibited  by  the 
presence  of  terrestrial  plants  in  the  deposits,  and  believed  that  this  might  have  much 
to  do  with  the  difference  in  the  proportion  in  the  beds.  As  the  marine  fauna  decaved 
more  rapidly  than  the  terrestrial,  it  was  preferable  for  dassificatory  purposes,  ^e 
mentioned  lorms  of  vegetable  life  which  had  been  recently  discovered  in  America  in 
beds  of  Cretaceous  ogc.  He  did  not  believe  that  corals  could  have  existed  in  those 
high  latitudes  under  anything  approaching  to  the  present  condition.  Prof.  Xor- 
denskjold  had  failed  to  discover  any  traces  of  glacial  action  in  these  beds ;  and  the 
question  arose  whether  there  had  been  any  change  in  the  position  of  tiie  Pole  or  in 
the  radiated  heat  of  the  sun. 
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2.  "  On  the  Evidenoe  afforded  by  the  Detrital  Beds  without  and 
within  the  North-eastern  part  of  the  Valley  of  the  Weald  as  to  the 
mode  and  date  of  the  Denudation  of  that  Valley."  By  S.  V.  Wood, 
Jun.,  Esq.,  F.G.S. 

The  author  commenced  by  discussing  the  various  hypotheses  that 
have  been  proposed  to  ezpMn  the  denudation  of  the  Weald  Valley. 
In  his  opinion  the  upheaval  of  the  district  took  place  in  Postglacial 
times,  and  subsequently  to  the  deposition  of  die  gravels  of  the 
Thames  Valley,  of  East  Essex,  and  of  the  Canterbury  heights ;  and 
the  denudation  was  effected  chiefly  by  tidal  erosion  during  gradual 
upheaval  in  an  inlet  of  the  sea,  aided  by  the  action  of  fresh  water 
flowing  into  this  inlet  from  the  north  by  streams  draining  the  land 
which  now  constitutes  the  counties  of  Middlesex  and  Essex.  The 
chief  evidence  in  favour  of  his  views  is  as  follows :  1.  The  absence 
from  the  Glacial  beds  of  Essex  of  any  debris  representing  a  consider- 
able denudation  of  the  Weald  during  the  Glacial  period,  and  the 
probability  that  the  Wealden  area  was  beneath  the  sea  during  the 
deposition  of  the  Boulder-clay.  2.  The  comparative  absence  of 
Lower  Cretaceous  or  Hastings-sand  materials  from  the  Postglacial 
gravel-sheets  outside  the  north  of  the  Weald.  3.  The  impossibility 
of  reconciling  the  presence  of  Tertiary  pebbles  in  certain  Weald- 
gravels  with  an  origin  by  means  of  streams  flowing  in  the  direction 
of  the  present  rivers.  4.  The  antagonism  between  the  character  of 
the  major  valley  of  the  Weald  and  that  of  any  excavation  producible 
by  the  agency  of  rivers.  5.  The  persistence  of  the  old  coast  contour 
with  the  river-drainage  entering  it  from  the  north.  6.  The  existence 
of  a  cause,  in  the  shape  of  an  isthmus  at  Dover,  sufficient  to  induce 
a  strong  tidal  scour. 

Discussion. — Mr.  Godwin-Austen  thought  that  the  author  had  done  his  theory 
injustice  in  presenting  only  a  portion  of  the  Wealden  area  for  consideration.  He  re- 
marked that  phenomena  sirailar  to  those  of  the  Weald  were  to  he  found  in  Tarious 
parts  of  Western  Europe.  He  was  glad  to  find  that  Mr.  Searles  Wood  did  not  re^rd 
the  escarpment  as  representing  marine  cliffs ;  hut  he  did  not  attach  sufficient  weight 
to  the  ahsence  of  any  material  of  marine  oriein  at  their  hase ;  so  that  there  was  no 
eridence  of  the  presence  of  the  sea  within  tne  Wealden  area.  He  differed  wholly 
from  the  author  as  to  the  ajB^e  of  the  graTels ;  for  heneath  the  gravels  were  sllty  heds 
containing  Elephant- remains.  These  grayels  he  was  inclined  to  refer  to  a  Glacial 
period,  as  they  contain  hlocks  such  as  could  only  have  heen  transported  hy  the  agency 
of  ice.  The  elephants  found  in  the  valley  of  the  Wey  are  of  the  species  E.  primi' 
ftniutif  which  also  occurs  in  the  Selsea  heds ;  and  he  helieved  hoth  to  he  of  Glacial 
age.  As  to  the  theory  of  the  denudation  of  the  Weald,  he  professed  himself  a  con- 
vert to  the  views  of  Messrs.  Foster  and  Topley,  and  cited  what  was  now  going  on 
in  Heligoland  in  illustration  of  atmospheric  denudation. 

Mr.  WHrTAKBR  observed  that  the  present  absence  of  ^vels  along  parts  of  the 
valley  of  the  Thames  affords  no  proof  of  their  not  having  formerly  existed.  He 
pointed  out  the  soft  and  finable  nature  of  most  of  the  rocks  of  the  Wealden,  which 
would  account  for  their  absence  in  the  gravels.  The  only  really  hard  rock  was  the 
Chert  of  the  Lower  Greensand,  which  was  abundant  in  the  gravels  of  West  Kent. 
Angular  flints  occurred  at  the  base  of  the  chalk  escarpment  wherever  it  had  been 
osnied  back  by  denudation.  The  major  valley  of  the  Weald  had  been  spoken  of; 
but  he  denied  that  any  such  valley  existed  ;  it  was  merely  a  series  of  numerous  small 
yalleys.  He  could  not  conceive  the  rivers  flowing  against  the  dip  of  the  strata,  as 
supposed  by  Mr.  Wood.  He  did  not  agree  in  the  view  of  the  denudation  of  the 
H^Id  being  such  an  enormous  aflUr,  but  thought  that  it  might  be  due  to  compara- 
tif  tl  J  fouUl  GanseB. 
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The  Preddeot  pointod  out  that  beyond  SooCheDd  flun  wm  a  MettM  pmWjr 
imilar  to  that  of  Gnyi.  It  waiammke  tomn^otethatpebUesfroatilMWealdfln 
ana  did  not  occur  in  the  Thamee  ^Teli.  He  tnought  that  much  of  the  denodatioii 
of  the  Wealden  area  might  have  taken  place  before  the  Glacial  period.  The  preaenee 
of  Tertiary  pebbka  in  the  Wealden  area  might  readily  be  aoooimted  for  Vy  thsr 
pieeence  at  tne  edge  of  the  escarpment. 

Mr.  Searles  Y.  Wood,  Jan.,  in  reply,  ioitifled  himadf  for  haTinff  limited  hia  oba»- 
Tatione  to  the  northern  part  of  toe  Weald,  at  it  was  there  obIt  that  it  oonid  be 
brought  into  juztapoiition  with  the  Oladal  bods.  He  maintained  that,  under  eertain 
drcnmstanoes,  no  beadbea  or  marine  beda  were  formed  at  the  ban  of  aea-diflk  He 
pointed  out  that  in  Poetglaoal  graTels  large  blocka  of  rock  were  frequently  found, 
and  protested  against  limiting  ul  ioe-tran^»ort  to  the  glaeial  period.  He  could  not 
reoogniie  the  ^Isea  beds,  with  150  living  ipeciea,  some  of  southern  character,  and 
none  eztinet,  as  GladaL  He  did  not  acknowledge  the  alleged  aoAneas  of  the  WeaUeu 
rooks. 

Edinburgh  Gbolooioal  Sogiett. — ^The  d7th  Anniversary  Meeting 
of  this  Society  was  held  in  its  apartments,  5,  St  Andrew  Square,  on 
the  3rd  Nbvemher,  1870.  Mr.  Panton  read  the  Beport  on  the  i^ate 
of  the  afiisdrs  of  the  Society  for  the  past  session,  and  Mr.  Richardson 
submitted  the  Beport  of  the  Delegates  from  the  Society  to  the  Sep- 
tember Meeting  at  Liverpool  of  the  British  Association.  Both 
Keports  wei*e  approved  of.  The  following  gentlemen  were  appointed 
officers  for  session  1870-71 : — Patron,  Sir  Boderlck  I.  Mnrchison, 
Bart;  Prendent,  Archibald  Geikie,  F.R.S. ;  Viee-PrendenU,  H. 
Alleyne  Nicholson,  M.D.,  M.A.,  James  Haswell,  M.A. ;  Himwrary 
Seeretary,  G^rge  A.  Panton,  Birkhill,  Hope  Terrace;  Drgoiurer, 
George  Lyon ;  Librarian,  Ralph  Richardson,  W.S. ;  Curator  of 
Museum,  Alexander  Somervail ;  Councillors,  Right  Hon.  Lord  Rose- 
hill,  James  Gowans  of  Gowanbank,  John  Russel,  Lord  Dean  of 
Guild,  R.  M.  Smith,  F.R.S.E.,  WiUiam  Drummond,  S.S.C.,  James  H. 
Sanderson,  Goldsmith. 

November  17th,  1870.  At  the  first  ordinary  meeting  of  the 
session  held  this  evening,  the  following  paper  was  read  : — "  On  the 
Correlation  of  the  Silurian  Rocks  of  the  North  of  England  with 
those  of  the  South  of  Scotland."  By  H.  Alleyne  Nicholson,  M.D.. 
D.Sc.,  F.R.S.E.,  etc. 

In  this  communication,  the  author  gave  a  general  view  of  the  sub- 
divisions of  the  Silurian  Rocks  of  the  North  of  England,  and  of  the 
Southern  Highlands  of  Scotland,  with  a  view  of  showing  how  far 
the  two  series  were  comparable  with  one  another.  The  Silurian 
Rocks  of  the  North  of  England  were  shown  to  consist  of  the  fol- 
lowing members  : — 1.  Skiddaw  Slates  (=  Quebec  group  of  Canada, 
and  base  of  the  Lower  Llandeilo  of  Wales).  2.  Borrowdale  Series 
or  Green  Slates  and  Porphyries  (=  Lower  Caradoc).  3.  Coniston 
Limestone  (=  Bala  Limestone).  4.  Graptolitic  Mudstones  (Upper 
Caradoc).  5.  Coniston  Flags  (=  Denbighshire  Flags,  ?).  6.  Conis- 
ton Grits  (Lower  Ludlow).  7.  Kendal  Rocks  (Ludlow).  The 
sequence  of  the  Silurian  Rooks  in  the  South  of  Scotland  was  more 
obscure,  but  by  the  researches  of  Murchison,  Nicol,  Geikie,  Hark- 
ness,  and  others,  amongst  whom  Mr.  Lapworth,  of  Galashiels,  de- 
served a  most  honourable  mention,  it  was  now  possible  to  form  some 
clear  idea  as  to  the  goneiol  fg;ro\x\Aiv^  of  these  rocks.    Probably  the 
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following  might  be  provifiionally  adopted  as  the  Bubdivisions  of  the 
Silurians  of  3ie  South  of  Scotland.  1.  Hawick  Bocks,  the  so-called 
Bolton  Eocks,  of  uncertain  age.  2.  Mo£fat  Bocks  (»  Upper  Llan- 
deilo).  3.  Girvan  Limestone  (» Oaradoo  Limestone).  4.  Gala 
Group,  comprising  the  Abbotsfoid  Flags,  the  Gala  Grits,  the  Buck- 
holm  Sandstones,  and  the  Greiston  and  Thomilee  Slates  (this  group 
is  probably  comparable  with  some  of  the  beds  which  succeed  the 
Girvan  Limestone,  and  also  Mrith  the  Ooniston  Flags  and  Grits).  5. 
Hie  Balmae  Bocks  (»  Wenlock  Shale).  6.  The  Ludlow  Bocks  of 
the  Pentland  Hills. 

T^e  author  pointed  out  the  resemblances  which  he  thought  might 
be  laid  down  between  the  above  and  the  Silurians  of  the  North  of 
England.  He  drew  attention  to  the  fact  that  the  Wrae  Limestone  of 
Peebleshire  might  very  possibly  be  the  equivalent  of  the  Bala  Lime- 
stone of  Wales,^  and  the  Ooniston  Limestone  of  Cumberland  aud 
Westmoreland  ;  and  that  this  would  considerably  simplify  the  eluci- 
dation of  the  Scotch  Silurians.  He  showed,  however,  that  much 
work  must  yet  be  done  before  it  would  be  possible  to  speak  with 
any  certainty  as  to  the  correlation  of  these  ancient  deposits. 


HALL'S  MINERALOGISTS  DIRECTORY. 

Sib, — Owing  to  absence  from  home,  I  have  only  just  seen  B.  J.  B.'8 
letter  in  the  Geological  Magazine  for  September. 

Few  tasks  can  be  more  difficult  than  the  preparation  for  the  first 
time  of  a  work  which  deals  with  so  extensive  an  area  as  that  of  the 
British  Isles ;  and  whilst  thanking  B.  J.  B.  for  his  notes  on  the 
Cornish  localities,  I  may  repeat  the  assurance  contained  in  my 
pref£M)e  that  notices  of  omissions  or  errors,  and  any  additional  infor- 
mation, whether  publicly  or  privately  sent  to  me,  will  be  gladly 
received  for  insertion  in  a  future  edition.  I^e  value  of  any  such 
communications  will,  however,  be  much  enhanced  if  accompanied  by 
the  name  and  address  of  the  writer. 

B.  J.  B.  takes  exception  to  the  names  Towanite  and  Limnite,  and 
asks  why  I  have  used  them  instead  of  either  Ohalcopyrite  or  Oopper 
pyrites,  and  Limonite  respectively.  With  regard  to  the  first  of  diese 
minerals,  I  may  say  that  the  names  Ohalcopyrite  and  Oopper  pyrites 
were  both  abandoned  by  me  in  order  to  avoid  the  use  of  the  term 
"  pyrite  "  as  applied  to  an  ore  of  copper.  It  must  be  remembered 
that  the  name  Pyrite  was  originally  given  to  one  specific  mineral, 
the  Sulphuret  of  Iron,  from  its  property  of  striking  fire  with  the 
steel ;  and  as  the  corresponding  ore  of  copper,  from  its  comparative 
softness,  does  not  possess  this  quality,  the  appellation  seemed  to  be  a 
decided  misnomer.  At  the  same  time  I  do  not  justify  the  use  of  the 
synonym  Towanite,^  further  than  to  say  that  in  default  of  any  better 
name  it  appeared  to  be  the  least  objectionable  of  the  three. 

1  I  think  B.  J.  R.  will  find  he  is  nustaken  in  surnKMin^  that  **  Towanite"  wai 
ever  employed  by  Greg  and  Lettaom  to  repreaent  a  mcMofiMitasa  ^1  ^Ss^<^Y\^>^«^. 
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In  deoidixig  Qpoo  the  Telatm  sMsitfof  Om  wjmaajmM  Lfannlto  nd 
liimonite,  I  was  lad  to  vqeot  the  laftto^  b^oanw  it  wia  tlxmif 
Adopted  hymmeot  fhe  foreign  geolcgHto  tir  deiignito  one  tha  bedf 
#f  tbe  Neooomiaa  aeriei ;  endC  ftixiher,  flut  b&Tugig  a  d«e  legind  foe 
ite  Oreek  origiBy  the  pronnnoialaoii  of  the  woid  Liwionite  wovH  be 
nranr  different  from  that  whkdi  ie  naiielly  eangned  to  it: 

I  think  it  irill  be  eome  time  before  mneralogieti  eie  flUft  to 
detehnine  wbe^bher  tfaie  mineral  oooose  moet  firaqnentl  j  in  e  menh 
{hJftvtf)  or  in  a  meadow  (X^^mSt)  ;  b«t  as  tike  two  namee  have 
idways  been  looked  upon  as  synonymone,  I  piefiBned  to  adopt  the 
one  whidh  blKl  the  doable  advanti^  of  bem|p  pranonnoed  aa  it  is 
MgeHi,  and  which  is  hitherto  noappropriated  as  e  geologioal  term^ 

"^ar^STSTT  TOWWMNB  M.  HaLL. 

GEOLOGY  OF  THE  LAKE  DIBTBIOT. 

Sib,— I  have  read  Mr.  Mackintosh's  paper  in  the  Ootober  nnmbec 
of  the  Gboloqioal  Haoazimb,  and  harmK  helped  to  anrvey  several 
jportions  pf  ibe  Lake  District  mentioned  by  him  in  his  paper,  I  feel 
c>ou]id  to  record  my  dissent  from  some  of  his  views,  and  my  dis- 
belief in  the  acciuuGy  of  some  of  his  observations. 

The  valleys  of  Kentmere,.Long  Sleddale^  and  Bannisdale,  contain 
plenty  of  Moraine  stuff  with  scratched  stones ;  in  the  last-named 
there  is  a  fine  moraine  spanning  across  the  middle  of  the  valley,  and 
I  believe  that  the  old  lake  represented  by  the  allaviom  of  Kentmere 
originated  partly  from  damming  by  a  moraine,  the  remains  of  which 
may  still  be  traced.  On  the  high  ground  between  Kentmere  and 
Long  Sleddale  there  is  abundance  of  drift,  and  moraine  stones  are 
very  numerous.  The  basin  of  the  Skeggles  water  which  lies  on  the 
high  ground  between  these  valleys  was  probably  scooped  out  by 
ice.  I  have  met  with  glacial  striations  running  nearly  east  and 
west  near  this  tarn,  but  have  not  observed  the  north  and  south  ones 
mentioned  by  Mr.  Mackintosh,  at  least  I  do  not  remember  having 
seen  them,  although,  no  doubt,  they  exist ;  but  not  having  my  maps 
at  hand,  I  cannot  speak  with  certainty  upon  this  point.  My  own 
impression,  however,  was  that  at  a  late  period  of  the  Glacial  epoch, 
ice  had  passed  across  the  fell,  though  no  doubt  at  an  earlier  period 
it  had  moved  in  the  direction  of  the  axes  of  the  valleys. 

I  have,  as  a  general  rule,  observed  that  glacial  striae  low  down  in 
the  valleys  run  in  the  direction  of  the  valleys  themselves,  but  that 
on  the  sides  of  the  hills  they  usually  take  an  oblique  direction  to 
the  valley-axis.  I  have  seen  nothing  resembling  "  the  old  sea-diff " 
at  Elleray,  mentioned  by  Mr.  Mackintosh. 

I  do  not  agree  with  Mr.  Mackintosh  in  his  conclusion  that  became 
the  ridge  of  School  Knott  is  striated  transversely  to  its  general 
trend,  tliat  the  hollows  on  either  side  of  it  have  not  been  formed  by 
land-ice  moving  in  the  direction  of  their  length.  I  think  it  quite 
possible  that  <£at  which  Mr.  Mackintosh  endeavours  to  disprove 
may  have  taken  place,  and  partially  helped  to  form  those  depressions, 
although  the  evidenoe  ma's  iio\i\^  «^n^in  support  of  saoh  a  view. 
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Mr.  MackintoBh  does  Hot  seem  folly  to  appreciate  the  hioi  that 
these  valleys  have  been  filled  with  ice,  and  that  it  has  not  merely 
filled  them,  but  passed  over  the  fells  which  divide  th^n. 

What  Mr.  MaokiBtoeh  will  e&deavoor  to  prove  from  the  observa- 
tions he  has  reoorded,  I  eannot  vaitore  to  predict,  and  so  will  wait 
patiently  for  the  d^ouemMt.  Fbank  Rutlet, 

Geological  Surrey  of  England  and  Wales. 


ON  A  COLTJMNAR   CLAY-BED  IN  TIDE8WELL   DALE,  AND  ON  SO- 
CALLED  PHOLAS-BOEINGS  IN  MILLEBS  DALE. 

Sib, — Allow  me  to  express  my  general  eoncnrrence  in  the  views 
put  forth  by  Mr.  Edward  Wilson,  in  your  last  number,  as  to  the 
nature  of  the  altered  Olay-bed  in  TidesweU  Dale.  I  only  awaited  a 
full  report  of  the  Rev.  J.  M.  Mello's  paper,  as  read  to  the  Geological 
Society,  before  publicly  expressing  my  belief  in  the  volcanic  nature  of 
the  beds  in  question.  I  have,  on  two  occasions  during  the  last  summer, 
examined  very  carefully  the  TidesweU  marble-quarry,  and  certainly 
a- more  instructive  section  could  not  be  desired.  Mr.  Wilson's  descrip- 
tion of  it  leaves  little  to  be  said.  We  have  at  the  lower  part  of  the 
quarry,  a  coral  reef  converted  into  a  bed  of  hard  massive  Limestone 
marble ;  upon  that  a  thin  layer  of  ash ;  then  a  deposit  of  red  clay, 
varying  in  the  open  section  from  a  thickness  of  about  five  feet  at 
one  end  of  the  quarry,  to  from  twelve  to  fifteen  feet  at  the  other  ;  and 
upon  this,  with  a  toelUdefined  line  of  demarcation^  lies  the  Toadstone, 
wuch  is  probably  twenty  feet  in  thickness  at  the  middle  of  the 
quarry,  but  which  is  much  wasted  by  denudation  in  other  parta 
One  inference  only  seems  to  me  inevitable,  viz. :  that  we  have 
before  us  in  the  quarry  a  complete  record  of  an  eruption,  during 
which  lapillsB  were  first  thrown  down ;  then  an  outflow  of  ferru- 
ginous mud  took  place ;  and,  finally,  a  bed  of  lava  was  ejected, 
which  must,  in  this  place  at  least,  have  flowed  with  so  steady  and 
majestic  a  movement  that  it  rolled  over  the  mud  without  displacing 
it;  hence  the  nearly  horizontal  line  of  division  is  dear  and  weU 
defined  to  a  remarkable  degree. 

One  singular  and  striking  fact  seems  to  have  escaped  the  notice  of 
Mr.  Wilson.  At  the  north-west  end  of  the  quarry,  where  the  Clay- 
bed  is  the  thinnest,  the  hexagonal  columns  are  from  three  to  four 
inches  in  diameter,  and  they  extend  from  the  upper  to  the  lower 
boundary  of  the  bed ;  whilst  at  the  other  end  of  the  quarry,  where 
the  Clay -bed  has  a  threefold  thickness,  the  columns  are  only  about 
one  inch  across,  and  they  die  away  in  the  amorphous  clay  of  the 
lower  part  of  the  stratum.  Important  deductions  might  be  made 
from  this  fact  as  to  the  persistency  of  the  heat  of  the  superincumbent 
Iiava-bed  at  the  time  of  its  deposit. 

I  consider  that  the  TidesweU  quarry  settles  for  ever  the  question 
as  to  whether  or  not  this  bed  of  Toadstone,  at  least,  was  or  was  not 
intrusive  in  its  origin.  No  one  looking  at  the  section  can  fail,  I 
think,  to  come  to  the  conclusion  that  the  Toadstone-bed  was  a  auh- 
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aerial  or  aabmarme  deposit  of  prior  age  to  the  higgler  Limeefonea  in 
the  aeries,  whidi  dsennieie  rest  upon  this  bed. 

I  may  mention  that  I  jKWsess  some  exceedingly  beantiM  speoi- 
mens  of  miniatore  basaltio-like  oolnmns  in  common  briok-olay,  that 
were  pidced  up  by  a  friend  in  a  field  where  day  had  been  bomfc  for 

Sricoltural  porposes.  These  resemble  Tery  dosely  the  oolnmnar 
^  in  the  Tideswell  qnarry. 

la  leferenoe  to  another  snbjeot,  I  may  remark  that  in  going 
to  and  from  the  qaan^  in  question,  I  passed,  on  each  oocasioii, 
thioudi  that  part  of  Millers  Dale  where  the  Bct.  T.  O.  Bonnej 
(see  Geological  Maoazihs,  VoL  VIL,  p.  267)  savs  he  found 
apparent  burrowings  in  Limestone.  I  sought  carefully  for  these 
hollowed  Limestones,  but  found  none;  and  I  am  driven  to  the 
belief  that  Mr.  Bonney,  in  his  hurried  visit,  mistook  a  bed  of  Toad- 
stone — a  trap-bed  much  lower  in  the  series  than  the  one  above 
mentioned  and  which  runs  along  the  valley  at  the  road-level  for  a 
great  distance — for  Limestone,  and  that  the  vesicular  cavities  which 
abound  therein  were  mistaken  for  the  borings  of  animals.  This 
error  could  of  course  only  have  arisen  frx>m  a  very  hasty  examina- 
tion of  the  locality. 

BuBTOM-oM-TBEiiT,  U  ifof.,  1870.  Edwin  Bbowv,  '  F.G.S. 


BURIED  SEA-CLIFFS  «.  FAULTS. 

Sib, — In  your  number  for  April,  at  page  192,  is  a  paragraph 
headed  "  Buried  Sea-cliffs  versus  Faults."  This  met  a  reply  by  Mr. 
H.  B.  Woodward  in  the  Magazine  for  May,  with  whose  remarks  I 
fully  concur.  I  wish  to  add,  that  in  the  year  1846,  at  the  Meeting  of 
the  British  Association  at  Southampton,  I  showed  a  section  of  the 
railway  between  Bristol  and  Taunton.  At  four  places  the  scctioDS 
were  enlarged,  one  of  which  represented,  on  the  scale  of  40  feet  to  the 
inch,  the  Uphill  cutting.  An  abstract  of  my  communication  appears 
at  page  59  of  "  Ecports  of  Sections,"  vol.  for  1846,  and  in  it  occurs 
the  following  paragraph : — "  At  the  Uphill  section,  not  only  are 
violent  dislocations  of  the  Bed  Marls  and  Lias  produced,  so  that 
the  Lias-beds  dip  at  an  angle  of  70^  or  more  towards  the  plane  of 
intersection  between  the  Lias  and  the  Limestone,  which  plane  itself 
dips  in  the  same  direction,  but  in  addition,  the  igneous  rock  appears 
in  full  force ;  and  it  clearly  boars  relation,  not  only  to  the  fault 
which  brings  into  juxtaposition  the  Limestone  and  Lias,  but  to  an 
extensive  fault  in  the  Limestone  itself,  by  which  the  whole  series 
of  beds  on  one  side  differs  from  that  on  the  other." 

My  principal  object  in  writing  this  is  to  state  that  these  sections 
were  deposited  in  the  Jormyn  Street  Museum,  and  may  be  seen  on 
application.  An  examination  of  the  Uphill  cutting  will  satisfy  any 
person  that  it  cannot  be  adduced  in  evidence  of  the  theory  of  **  Buried 
Sea-cliffs  versus  Faults."  William  Sandebs. 

Hamburt  Lodob, 

The  Avenue,  Cltfion,  Brittol, 
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ON  THE  ERRATIC  BLOCKS  OF  THE  SKIDDAW  DISTRICT. 

Snt, — Having  been  away  from  home,  I  have  only  jast  seen  Mr. 
Mackintosh's  paper  in  the  October  number  of  your  Magazine.  I 
have  not  time  now  to  enter  into  details  about  it,  from  which  also  I 
should  be  precluded  by  my  position  in  the  Survey.  I  think  too  that 
the  interesting  papers  by  my  colleagues,  Mr.  De  Banco  and  Mr. 
Ward,  have  pretty  weU  exhausted  the  subject ;  and  a  very  important 
paper,  referring  chiefly  to  the  Glacial  action  round  Bowfell,  was  read 
the  other  day  before  the  Manchester  Philosophical  Society,  by  Mr. 
Brocklebank. 

I  would,  however,  ask  Mr.  Mackintosh  how  he  accounts  for  the 
fact  that  in  the  drift  in  Dunmail  Raise  no  traces  of  Skiddaw  Bocks, 
either  Slate  or  Granite,  are  to  be  seen.  Mr.  Mackintosh  finds 
marine  drift  in  Eirkston  Pass,  at  a  level  of  at  least  1,300  feet  above 
the  sea.  Dunmail  Baise  is  less  than  800  feet,  and  a  current  passing 
through  it  from  North  to  South  would,  if  bearing  icebergs,  bring 
fragments  of  the  rocks  of  Skiddaw,  which  may  be  seen  from  the 
Pass  any  dear  day. 

I  believe  I  am  right  in  stating  that  all  the  boulders  of  Skiddaw 
Granite  that  have  been  found  are  in  a  line  passing  through  Bassing- 
thwaite  and  Troutbeck.  Gbo.  Htde  Wollaston. 

H.M.  Gbolooical  Survey,  G&asmsrs,  Nov.  22, 1870. 


AwABD  OF  Gold  Medal  of  the  Boyal  Society  to  Thos. 
Davidson,  Esq.,  F.B.S.,  F.G.S.,  V.P.  Pal.  Soo.  Lond. — We  are  sure 
it  will  gratify  our  geological  fHends  to  learn  that  Mr.  Davidson  has 
been  awarded  one  of  the  Boyal  Medals  of  the  Boyal  Society,  in  re- 
cognition of  his  valuable  contributions  to  Palaeontology.  It  is  not 
our  intention  to  enter  into  an  account  of  Mr.  Davidson's  labours  on 
the  Brachiopoda  here,  as  we  hope  to  do  so  more  fully  in  our  volume 
for  next  year.  We  may,  however,  mention  that  he  has  already  pub- 
lished 2,090  pages  of  text,  and  336  plates,  the  latter  drawn  with 
his  own  hand,  ^e  greater  part  of  Mr.  Davidson's  labours  have  been 
published  by  the  Palsaontographical  Society,  of  which  he  is  the  Vioe- 
Fiesident :  many  of  his  plates  will  also  be  found  adorning  this 
Magazine. 

The  Coal-fields  of  New  South  Wales. — ^Mr.  William  Eeene, 
Examiner  of  the  Coal-fields,  in  his  official  report  for  the  year  1869, 
states  that  the  quality  of  the  New  South  Wales  coal  is  year  by  year 
better  appreciated.  In  Madras  it  meets  English  coal  at  equal  prices, 
and  it  is  greatly  esteemed  for  gas  manufeicture.  New  works  are  in  pro- 
gress in  various  directions.  He  has  examined  seams  more  than  700 
miles  to  the  north  of  Newcastle,  belonging  to  the  same  deposits, 
worked  near  this  town  in  New  South  V^es ;  and  he  remarks  that 
the  whole  coal-field  may  claim  to  rank  with  the  most  extensive  in 
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the  world.  918;246  tons  of  ooal,  and  6,276  tons  of  oH-ooal  and  ahak 
were  raiaed  din^g  the  year,  while  2,018  penona  weie  employed  in 
the  labonr.  lliere  aie  21  ooUieriea  in  aotive  opemtiQiiv  wid  three 
Keroaene  Shale  minea. 

MiNiKa  Nonea  moK  AuamALiA. — FMionk— Bqiorta  fiom  Sand- 
hurat  are  very  aatiafiEustory ;  thia  gold-field  ia  regwded  aa  aeoond  in 
importanoe  only  to  Ballarat.  Ita  yield  per  month  aeema  to  vary  from 
17,000  to  21,000  oonoea  of  gold,  equal  in  value  to  from  £68,000  to 
£84,000.  The  Berlin  diatriot  haa  latterly  aorpaaaed  any  field  lor  the 
heavy  chaiaoter  of  itp  gold,  and  haa  earned  for  itaelf  the  name  (rf 
the  "Nuggety  Digginga."  One  nnsget,  weighing  9dlba.  60a.,  ia 
reported  to  have  he^  found  in  thia  fidd.  The  number  of  veefa  in  the 
oolony,  actually  proved  to  be  auriferoua,  ia  atated  to  be  2,911 ;  and 
62,206  minera  are  employed  on  the  varioua  fielda. 

liitw  South  WaU8, — ^Near  Mudgee,  gold  haa  recently  been  found  in 
abundance,  including  eome  vcoy  fine  nuggeta,  oonaequently  a  new 
rush  has  been  made  to  this  locality.  A  good  many  diamonda  are 
also  found  at  Mudgee,  994  were  sent  off  by  one  mail  last  May. 

South  Australia, — ^A  new  silver-lead  mine  haa  been  opened  at 
Apgaston.  A  rich  vein  of  copper  ore,  yielding  76  per  cent,  of  the 
metal,  is  reported  to  have  been  found  at  the  Sliding  Bock  mine. 

Queensland, — The  whole  country,  from  the  Gilbert  down  to  ihe 
head  of  the  Gulf  of  Carpentaria,  is  being  prospected,  and  gold  is  re- 
ported as  being  discovered  in  all  directions.  Gopper  and  silver  have 
likewiBe  been  proved  in  places.— iS.  W,  Silver  and  Co.'s  Circular. 


Note  on  Palaga  Carter i  (H.  Woodw.). — Referring  to  "Contribu- 
tions to  British  Fossil  Crustacea,"  November  Number,  p.  495,  Mr.  J. 
Saunders,  of  Luton,  writes  to  inform  us  that  neither  of  his  specimens 
of  Falaqa  Carteri  (see  PI.  XXII.,  Fig.  6  and  6)  are  actually  from 
the  "  Chalk-rock,"  as  stated  by  us,  but  from  an  overlyinf]^  bod  adja- 
cent to  the  Marl.  There  is,  at  least,  one  other  bed  between  this  and 
the  "  Chalk-rock,"  and  Mr.  Saunders  suggests  that  this  correction  in 
geological  iK)8ition  will  probably  bring  his  roecimens  from  Luton 
nearer  to  the  same  horizon  from  which  the  Cambridge  and  Dover 
examples  were  obtained. — H.  Woodward. 

Serious  Indisposition  op  Sib  Hodebick  Mubchibox,  Babt. — We 
deeply  regret  to  learn,  just  as  we  are  going  to  press,  that  our  valued 
friend  and  noble  chieftain,  Sir  Roderick  I.  Murchison,  Bart,  the 
Director-General  of  the  Greological  Survey,  has  been  stricken  down 
by  serious  illness.  Even  at  his  ripe  age,  it  is  not  too  much  to  say 
that  ho  is  one  of  tho  leading  men  of  the  day  whom  we  cannot  affoid 
to  spare.  Two  great  Societies — the  Royal  G^eographical  and  the 
Geological — look  to  him  as  to  one  of  their  veteran  Iciiders,  whose 
place  cannot  readily  be  filled.  To  the  Geological  Survey,  also,  hie 
loss  would  tell  most  heavily.  We  trust  so  valuable  a  life  may  yet 
be  spared  to  us,  if  only  for  a  brief  season. 
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